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Abstract

Pregnant women with multiple sclerosis (MS) are an understudied patient population due to
the difficulty of recruiting sufficient numbers of participants to evaluate relatively rare outcomes. This
dissertation used administrative datasets to develop a large cohort of which the pregnancy experience
in women with MS (from frequency of relapses and patterns of medication dispensing, to adverse
outcomes) could be described.

In Chapter One, we identified a cohort of 2,738,787 pregnancies in the Truven Health
MarketScan® Database (2011-2015). Algorithms to identify pregnancies were based on prior
literature and iterations of patient claim reviews.

In Chapter Two, we compared recording of neurologic conditions (MS and epilepsy) in the
claims during delivery hospitalization and a 270-day period before delivery. Most women with the
conditions had at least one code recorded at delivery (60% MS; 73% epilepsy). Having an obstetric
outcome was generally not associated with recording of neurologic conditions at delivery. However
epilepsy was less likely confirmed in pregnancy when it was recorded during deliveries complicated
with preeclampsia, presumably due to coding of eclamptic convulsions.

In Chapter Three we ascertained MS in the year before delivery and compared the risks of
obstetric outcomes between those with and without an MS diagnosis. Women with MS (n= 3,875)
were at an increased risk for infections in pregnancy (Risk ratio: 1.22 [95% CI: 1.16-1.27]) and
preterm delivery (1.19 [1.04-1.35]). Their risks for other measured pregnancy outcomes were not
increased.

Finally, in Chapter Four, we assessed disease modifying therapy (DMT) in pregnancy. While

35% of the cohort was prescribed a DMT before pregnancy, dispensing dropped in the second
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trimester (5%) and increased again post-pregnancy (30%). We did not observe increased risks of
outcomes in women exposed versus unexposed to DMTs in the pre-pregnancy interval.

Altogether, the relatively low risks for adverse outcomes found in women with MS, even for
those with active disease should be reassuring for this special patient population. The methodology
developed here to create linked pregnancy cohorts in large administrative healthcare databases will
facilitate future research in the natural history and safety of treatment for pregnant women living with

chronic health conditions.
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An Introduction to:
Use of Large Healthcare Databases for Understudied

Patient Populations

Multiple sclerosis (MS) is an autoimmune disorder associated with the demyelination of
white matter in the brain and spinal cord. Women are two to three times more likely to be diagnosed
than men'? and onset commonly occurs between 20-40 years.’ Due to this pattern of onset, many
newly diagnosed patients are women in the process of beginning or completing their families. It is
therefore critical that the safety of pregnancies in women with MS be adequately studied.

Many studies have assessed the effect of pregnancy on the course of MS. *'* Indeed an
overall pattern of decreasing relapses, followed by a large increase in the postpartum period has been
consistently described.*'* Despite postpartum relapses, most studies contend that pregnancy does not
affect level of disability overall.>>'*"*2° In 2012 the National MS Society stated “pregnancy does not
appear to affect the long-term clinical course of MS”.”!

However, fewer studies have focused on the effect of MS on pregnancy outcomes. Of those
conducted, most have reported low risk for adverse outcomes such as Caesarean delivery, birth
defects, and preterm delivery.” However, other outcomes (e.g. chorioamnionitis, postpartum
hemorrhage) have received less attention. Additionally, less work has been done to determine whether
low relative risks for these outcomes extends to all women with the MS, or whether the risk varies by
level of disease activity and therapy use in pregnancy. Indeed, a relatively low risk for adverse
pregnancy outcomes could be partially explained by a tendency for women with mild disease to be
more likely to choose pregnancy than women with more severe MS. However, because of the
relatively rare intersection of pregnancy and MS, few studies have adequate power to answer these
questions.

This dissertation aims to elucidate the risks of adverse pregnancy outcomes using large

administrative databases. Specifically we aimed to:



1) Identify a cohort of pregnancies in the large Truven Health MarketScan® Commercial
Claims and Encounters database.

2) Assess misclassification of neurologic pre-existing conditions recorded at delivery in
administrative datasets, and determine whether this misclassification varies by the
presence of major obstetric outcomes.

3) Assess the risks of adverse pregnancy outcomes in women with and without MS, both
overall and by disease activity.

4) Describe dispensing patterns of disease modifying therapies in pregnant women with MS

and described the risks of adverse pregnancy outcomes by early exposure in pregnancy.

Our Contribution

We built upon previous work to identify a pregnancy cohort in the Truven Health dataset and
hope that the publication of our methods will help others build their own cohorts, both in Truven and
in other administrative sources. Considering the work conducted in other databases, we recognized
that studies vary widely on when ascertainment for pre-conditions like MS occurs, and we
hypothesized that when a condition is ascertained may influence the associations for measured
outcomes. Thus in our second aim, we assessed how timing of ascertainment influences
misclassification of both MS, and another neurologic condition, epilepsy. We hope the results of this
study will inform other work in administrative data and alert researchers to the potentials for
recording bias when ascertaining conditions at delivery. Finally, the elucidation of risks of adverse
pregnancy outcomes is a contribution to the growing body of literature on safety of pregnancy for
women with MS. Using the large Truven Health dataset as well as the large Nationwide Inpatient
Dataset, we could assess the risks for rare outcomes in this small sub-group of pregnancies.
Additionally in Truven, we were able to compare these risks by both disease activity and use of

disease modifying medication, something few studies have assessed.



Chapter 1: Pregnancy Cohort Profile within Truven Health MarketScan®

Sarah C MacDonald*,* J acqueline M. Cohen,”* Alice Panchaud,* Miguel A. Hernan,™® Thomas F

McElrath,® Krista F. Huybrechts,” Sonia Herndndez-Diaz"

A Department of Epidemiology Harvard T.H. Chan School of Public Health, Boston, Massachusetts

® Department of Biostatistics, Harvard T.H. Chan School of Public Health, Boston, Massachusetts;

Harvard-MIT Division of Health Sciences and Technology

“ Division of Maternal-Fetal Medicine, Department of Obstetrics & Gynecology, Brigham and

Women's Hospital and Harvard Medical School, Boston, Massachusetts

P Division of Pharmacoepidemiology and Pharmacoeconomics, Department of Medicine, Brigham

and Women’s Hospital. Boston, MA.

Abstract

The Truven Health Pregnancy Cohort was established as a large pregnancy cohort with linked
livebirth infants in whom the effect of rare exposures on rare outcomes could be explored. The dataset
includes 2,785,245 pregnancies ending between January 1, 2011 until September 30, 2015. Patients
are women between the ages of 12-55 with a livebirth, stillbirth, spontaneous abortion, elective
termination, or ectopic pregnancy. Each particular pregnancy study using the Truven Health dataset
must restrict the cohort to those continuously enrolled in a health plan for the ascertainment interval
of interest in order to have complete information. The number of patients continuously enrolled drops
at a rate of approximately 15% every 90 days out from the delivery date. Data is primarily obtained
through diagnostic and procedural ICD-9-CM and CPT codes available in inpatient or outpatient

datasets. Prescription claims reflecting prescriptions filled at the pharmacy are also available.



Why was the cohort set up?

The pregnancy cohort in the Truven Health MarketScan® Commercial Claims and
Encounters Database (Truven Health Analytics Inc., Ann Arbor, MI, USA) was established to
describe the natural history of pregnancy in women with specific diseases (e.g., multiple sclerosis,
asthma, depression) and to answer questions related to the safety of pharmaceuticals used to treat
those conditions. Given the large number of enrollees, this cohort enables investigators to study the
effects of relatively rare exposures (e.g., specific medications) on the risk for rare outcomes (e.g.,
specific birth defects) in a pregnant population. The complete Truven Health MarketScan® database
contains healthcare claims from employer-sponsored health plans across the United States and is
available for purchase from Truven. We accessed the Truven Health database for the years 2011 —

2015 through an academic license. Earlier years are also available for purchase.

Who is in the cohort?

The database contains healthcare claims from approximately 350 employer-sponsored health
plans. Unique insurance enrollee ID numbers are available to link claims from the same individual,

and a unique family ID number links family members on the same insurance plan.

There were seven main steps to identify the pregnancy cohort (Figure 1.1).

1. Establish the Source Population. We identified a total of 30,705,541 women between the ages 12-

55, with non-missing enrollee ID numbers, and inpatient or outpatient claims between January 1, 2011

and September 30, 2015.



1. Establish the Source Identify women 12-55 years old with non-missing enrolimentID number

Population and claims between Jan 1 2011 — Sept 30 2015
N=30 705 541 women
© 2.Identify Endof- 1 7777777777777777777777777777777777777777777777777777777777777777777777777777

Pregnancy Date Flag end-of-pregnancy codes in the inpatient and outpatient claims Remove women without any end-of-
i pregnancy codes

N=28 281 263 (92%)

Within women, group codes within 30 days of the first end-of-pregnancy
code as the same pregnancy. Next code outside of the 30 day range
treated as a separate pregnancy
N= 2 978 707 pregnancies

l

Assign the “end date” of the pregnancy as the date of the first non-
principal end-of-pregnancy code
3. Linkage to Infants Identify infants less than one-year-old, born during the
study period, with non-missing enrollee ID numbers and
claims between Jan 1 2011-Sept 30 2015
N=2 361 090 infants

!

Link maternal pregnancies with infants using the family ID variable and
year. Only keep linkages where the infant’s first claim is within 1 day
before or 30 days after the pregnancy ‘end date”

Is the infant linked to more than one pregnancy?

YES | Remove the mother-infant pairs
NO | N=1438 (0.05%) pregnancies

4. Pregnancy
Confirmation and Remove ectopic/ molar pregnancies
Assigning Pregnancy M | N=83,685 (3%)

Type Does the pregnancy meet at least one pregnancy type definition?

NO | Remove pregnancy from the cohort
YES | N=83 707 (3%)

5. Final Cleaning

Assign pregnancy type hierarchically using definitions in Table 1 |
1

Does a stillbirth or livebirth pregnancy end date occur less than
211 days after a prior end date in the same woman? Does an
abortion occur less than 60 days after a prior end date in the

same woman?

YES Select one pregnancy from each
‘abnormal’ sequence based on
NO the listed priorities
+
Selected pregnancy?
NO Remove from
Any remaining pregnancies occurring in an abnormal interval (see YES cohort
above definition)? N=61 090 (2%)
YES |
NO
6. Assign Date of Last
Menstrual Period Search inpatient and outpatient claimsin mothers and linked infants in
the 30 days after and including the pregnancy end date for codes
indicating final gestational age of the pregnancy
+
Are there specific timing codes available?
YES Are there codes giving conflicting
NO timing information?
YES | NO
Use the date with
) . the most codes Use the date
Are there multiple birth codes? assignedto it, or assigned to the
the lowestdate in code
YES the case of a tie
NO

Assign default gestational age

Estimate LMP by subtracting gestational age from the pregnancy end
date

...................................................... b g

Pregnancy Cohort
N=2 738 787 Pregnancies

Figure 1.1 Steps of the Pregnancy Cohort Creation (2011-2015)



2. Identify End-of-Pregnancy Date. Within this group, we searched inpatient and outpatient files for
International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
diagnosis, ICD-9-CM procedure, Current Procedural Terminology (CPT), Healthcare Common
Procedure Coding System (HCPCS), and Diagnosis Related Group (DRG) codes relating to the end-

of-pregnancy (Appendix A) based on prior literature.”* "'

End-of-pregnancy codes were codes that
definitively signaled that the pregnancy had ended (e.g. ‘Normal delivery’, ‘Single liveborn, born in
hospital, delivered’) and were categorized into one of eight outcomes (Livebirth, Stillbirth, Mixed
Birth [multi-fetal pregnancies where at least one infant is a livebirth and at least one is a stillbirth],
Spontaneous Abortion, Elective Termination, Unspecified Abortion, Ectopic or Molar Pregnancy, and
Unclassified Deliveries). An ‘Unclassified delivery’ code signaled that there was a delivery but did
not indicate whether the pregnancy was live or stillborn (e.g. ‘caesarean delivery’). Approximately

8% of the source population (n=2,424,278 women) had at least one end-of-pregnancy code during the

study period.

End-of-pregnancy codes occurring within 30 days of another code were grouped as the same
pregnancy. The next code to occur outside of the 30-day window from the first code was considered a
second pregnancy and all codes within a 30-day window of that code were grouped together. This was
repeated until all code groupings were assigned a unique pregnancy ID number (n=2,978,707

pregnancies). Women could have, or appear to have, more than one pregnancy in the study period.

The date of the first flagged code in each 30-day window was assigned the pregnancy “end
date” in all cases except when the first date had been identified via only principal codes. Principal
codes explain the main reason for the inpatient admission and are repeated in every claim for that
hospitalization. As a result, a woman with an extended hospital stay that ended in a delivery may have
a principal code for the delivery recorded in claims many days earlier in her stay than her true
delivery date. Thus, when other end-of-pregnancy codes were flagged besides the principal codes, we
prioritized the dates of these codes. Altogether approximately 1% of the final pregnancies (n=25,138)

were assigned an end date using dates from principal codes.



3. Linkage to Infants. We identified 2,361,090 infants in the inpatient and outpatient claims files that
were born between 2011 and 2015 and had non-missing enrollee identification numbers. As only year
of birth, rather than full date of birth, is available in the dataset, we tentatively approximated the
infant’s birth date using the date of their first claim. The infant cohort was linked to the pregnancy
cohort by the unique family ID variable and year (year of the pregnancy end date for the mother and
year of birth for the infant). All linkages where the infant’s first claim was more than one day before
the mother’s pregnancy end date or more than 30 days after the end date were excluded (7% of linked

infants).

A total of 1,517,838 (64%) of infants were linked successfully to a pregnancy, the incomplete
linkage is likely due to a proportion of infants being put on paternal rather than maternal health
insurance or a delay in the recording of the claims over our 30 day inclusion period. A total of
1,503,208 (50%) of the pregnancies were linked to an infant; this linkage is lower than in other
publications®**>**** because we are not restricting to confirmed livebirth deliveries at this step;
linkage by pregnancy outcome is provided later on.

Where an infant was linked to more than one pregnancy, both pregnancies were removed
from the dataset (n=745 infants; 1,438 pregnancies removed). Note that when a pregnancy was linked

to more than one infant, all infants were retained as this likely indicated a multi-fetal pregnancy.

4. Further Pregnancy Confirmation and Assigning Pregnancy Type. Pregnancies were confirmed and
assigned a pregnancy type using the definitions in Appendix B. Definitions were developed based on

ST 23,24,27,28,33-36
prior literature™>"""

and over several iterations of patient claim profile reviews. Pregnancies
that did not meet any of the listed definitions were removed from the cohort.

The general logic behind the pregnancy type definitions was to require at least two forms of
evidence, at least one which identified a particular pregnancy type (e.g. livebirth, stillbirth) and the

other which confirmed the existence of a frue pregnancy (i.e. not simply a history of a prior

pregnancy). Forms of evidence included end-of-pregnancy codes, infant linkage, and pregnancy



marker codes (Appendix C ‘Pregnancy Marker Flag’). Pregnancy marker codes were ascertained in
the inpatient and outpatient claims within 30 days before and including the pregnancy end date.
Pregnancy marker codes were more general than end-of-pregnancy codes and signaled any ongoing

pregnancy (e.g. ‘ultrasound of pregnant uterus’).

Once a pregnancy met a definition in Appendix B, they were no longer eligible to meet
definitions listed below it. This hierarchy was particularly important when distinguishing spontaneous
abortions, elective terminations, and stillbirths from one another as there was much cross-coding
between these types. Particularly, we only considered a pregnancy a stillbirth if it did not meet any of
the above spontaneous abortion definitions, as some apparent spontaneous abortion pregnancies (i.e.
multiple spontaneous abortion diagnosis and procedure codes) also had stillbirth codes on the claim

(1%).

After applying the definitions, there were 2,204,017 livebirths, 8,545 stillbirths, 2,558 mixed
birth pregnancies, 447,442 spontaneous abortions, 126,927 elective terminations, and 10,388
unspecified abortions. Not all flagged pregnancies were assigned a final type (e.g. those with only
one end-of-pregnancy code and no pregnancy marker codes) and these pregnancies were dropped
under the concern that they were not real pregnancies (n=93,707 [3%]). Pregnancies assigned as

ectopic or molar were also dropped from the cohort at this step (n=83,685 [3%)]).

5. Final Cleaning. We flagged as abnormal, all livebirths, stillbirths, and mixed birth pregnancies that
had a pregnancy end date occurring less than 211 days after a prior pregnancy end date in the same
woman, and all spontaneous abortion, elective termination, and unspecified abortion pregnancies that
occurred less than 61 days after a prior pregnancy. This inter-pregnancy length was selected based on
lengths used in prior literature.”” We selected one of the pregnancies within the abnormal sequence
based on the following priorities and removed all others (n=61,090 [2%] pregnancies removed): (1)
Linked mixed birth (2) Linked livebirth (3) Unlinked mixed birth (4) Unlinked livebirth (5) Stillbirth
(6) Spontaneous abortion (7) Elective termination (8) Unspecified Abortions. For example, if a

woman had codes for a livebirth pregnancy that linked to an infant in March of 2012 and then had



livebirth codes in May of that same year without infant linkage, the first coded pregnancy (because it
is linked to an infant) would be selected and the second coded pregnancy would be removed from the
cohort. If both pregnancies fell into the same priority group, we first prioritized the pregnancy with a
date that was not based solely on principal codes (as they may be inaccurately dated), and then based
on the number of unique end-of-pregnancy codes within the 30-day window (the pregnancy with the

most codes was selected).

Overall, the mean number of days between consecutively recorded pregnancies with
abnormal spacing was 67 days. In the first loop of this algorithm, approximately 82% of the flagged
pregnancy sequences were between “alike” pregnancy types (most commonly spontaneous abortions)
and only 18% were between inconsistent pregnancy types (most commonly spontaneous abortion and
livebirth pregnancy). We continued to loop this algorithm over until no pregnancies were flagged

with abnormal timing (six loops).

After the cleaning step there were 2,179,192 livebirth pregnancies, 8,434 stillbirths, 2,521
mixed birth pregnancies, 415,110 spontaneous abortions, 124,556 elective terminations, and 8,974
unspecified abortions. Proportions of the pregnancy types were similar to cohorts from other

administrative data.””*** Infant linkage occurred in 69% (n=1,499,859) of livebirth pregnancies.

6. Assign Date of Last Menstrual Period. The Truven Health dataset does not contain information on
gestational age of the pregnancy, thus this information needed to be estimated using available ICD-9-

23,24,27,2 — . .
32421283336 (e assigned gestational ages to

CM codes. Based on the consensus from prior literature,
the codes listed in Appendix D. Gestational age codes were ascertained in inpatient and outpatient

claims for mothers and their linked infants (where available) in the 30 days after and including the

pregnancy end date.

We required that only gestational age codes that matched the assigned pregnancy type contribute

timing information (Appendix D). For example, the ICD-9-CM code 765.19 “Other preterm infants,



2,500 grams and over” was assigned as 36 gestational weeks and could only be applied to live and
stillbirth pregnancies.

Attempting to improve on previous work that weighted all gestational age codes equally,”’ we
determined that codes indicating multi-fetal pregnancies should provide estimates of gestational ages
only if other more specific age codes were not available. Thus we considered the codes in two priority
groups (Appendix D), priority one for specific timing codes, and priority two for codes indicating a
multi-fetal pregnancy. For example, if a pregnancy had no code indicating term status but had the
code V34.01 “Other multiple birth (three or more), mates all liveborn” we assigned the gestational age
to be 33 weeks rather than the default gestational age for a livebirth, as pregnancies with three or more
infants tend to deliver earlier than singleton pregnancies.”®

For pregnancies with codes contributing conflicting information, we assigned the gestational

age that had more codes contributing to it, with lower gestational ages selected in the case of a tie.

Overall, the proportion of pregnancies assigned a gestational age based on a specific timing or
multi-fetal pregnancy code was 69% of mixed birth, 31% of livebirths, 16% of stillbirth pregnancies,
19% of spontaneous abortions, 1% of terminations, and 0.6% of unspecified abortions. In the
remainder, we used the following standard gestational ages based on prior literature:***"* livebirth:
39 weeks, stillbirth: 28 weeks, mixed birth: 35 weeks, spontaneous abortion: 8 weeks, elective
termination: 10 weeks, unspecified abortion: 9 weeks. Estimated first day of the last menstrual period

(LMP) was assigned by subtracting the gestational age from the pregnancy end date.

How often have they been followed up?

Patients in the Truven cohort are not actively followed up for research purposes. Rather, their
enrollment in their employer-sponsored health plan is tracked to determine who remains eligible to
have their claims recorded. Figure 1.2 shows how sample size declines with increasing required
enrollment both before and after the delivery in mothers and infants. Continuous enrollment was
defined as evidence of enrollment in a health insurance plan for at least 28 days in each month in the

pregnancy cohort follow-up. For infants, we began requiring enrollment starting at seven days post-
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delivery to allow time for infants to be enrolled. As evidenced in Figure 1.2, enrollment for both
mothers and infants drops at a rate of approximately 15% every 90 days following the pregnancy end

date.
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Figure 1.2 Number of Pregnancies Meeting Continuous Enrollment Standards by Days after Delivery

(2011-2015)

Approximately 52% (n=1,435,576) of pregnancies have complete enrollment from 90 days
before LMP until 30 days after delivery (a common enrollment restriction interval for pregnancy
studies). Table 1.1 displays demographics characteristics of the cohort with continuous enrollment
during this period compared to the initially identified (Step 5) cohort of pregnancies. Briefly, the
average age was 30 years old in both groups and region of delivery was similar. Due to administrative
constraints in assessing enrollment before the study period, the continuously enrolled group had a
lower proportion of deliveries occurring in 2011 than the original cohort, and had a slightly higher
proportion of spontaneous abortions and elective terminations, likely due to the shorter required

enrollment period (as pregnancy length is shorter).



Table 1.1 Maternal Characteristics by Enrollment (2011-2015)

Characteristics Continuously Enrolled Original Cohort
(n=1,435,576) (n=2,738,787)
Linked Infant 735,972 (51%) 1,501,597 (55%)

Prescription drug claims included 1,174,934 (82%)

Age at Delivery, years (SD) 30.5(5.9)
Year of Delivery
2011 70,609 (5%)
2012 468,685 (33%)
2013 364,190 (25%)
2014 361,119 (25%)
2015 170,973 (12%)
Region
Northeast 290,711 (20%)
North Central 305,035 (21%)
South 506,624 (35%)
West 304,172 (21%)
Unknown 29,034 (2%)
Pregnancy Type
Livebirth 1,040,105 (72%)
Stillbirth 4,561 (0.3%)
Mixed Birth 1,319 (0.1%)

Spontaneous Abortion
Elective Termination
Unspecified Abortion

295,550 (21%)
87,672 (6%)
6,369 (0.4%)

2,197,332 (80%)
30.2 (5.8)

671,726 (25%)
680,337 (25%)
541,373 (20%)
574,452 (21%)
270,897 (10%)

535,580 (20%)
598,156 (22%)
976,695 (36%)
567,649 (21%)

60,707 (2%)

2,179,192 (80%)
8,434 (0.3%)
2,521 (0.1%)

415,110 (15%)
124,556 (5%)
8,974 (0.3%)

 Continuously enrolled from 90 days before the first day of the last menstrual period until 30 days after the pregnancy end

date

What has been measured?

Variables directly available in the dataset include, but are not limited to, age, sex, region, year of

birth, relation to the primary employee, primary employee status, primary employee classification,

primary employee industry, and health plan type. There is limited information on socioeconomic

status, and race or ethnicity are not available. Dispensed prescription information can be obtained

using the Prescription Claims Dataset. Laboratory information is available for approximately 8% of

the pregnancy cohort. Procedures and diagnoses from clinical encounters are coded primarily using

ICD-9-CM (before October 1, 2015) or ICD-10-CM (on or after October 1, 2015) and CPT codes in

inpatient and outpatient claims datasets. For reference, we present a selection of maternal

characteristics ascertained in the 360 days before the pregnancy end date among women with

continuous enrolment for that period (Table 1.2; codes listed in Appendix E). The characteristics fell

within expected ranges.
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Table 1.2 Maternal Characteristics by Pregnancy Type (2011-2015)

Pregnancy Type
Characteristics Mixed Spontaneous Elective  Unspecified
Livebirth Stillbirth Birth Abortion Termination Abortion
(n=1,100,710) (n=4,195) (n=1,342) (n=204,035) (n=62,833) (n=4,452)
Linked Infant 764,894 (69%) 0 936 (70%) 0 0 0
Prescription drug 1,109 167,251
claims included 902,994 (82%) 3,407 (81%) (83%) (82%) 49,599 (79%) 3,630 (82%)
Age at End of
Pregnancy, years (SD) 30.3 (5.5) 30.2 (6.2) 33.1(54) 31.9(6.3) 28.4(7.3) 30.5(7.1)
Year of Delivery
2011 6,059 (0.6%) 21 (0.5%) <11? 1,177 (0.6%) 409 (0.7%) 24 (0.5%)
2012 374,498 (34%) 1,370 (33%) 468 (35%) 69,788 (34%) 20,768 (33%) 1,435 (32%)
2013 283,055 (26%) 1,107 26%) 342 (25%) 52,723 (26%) 16,846 (27%) 1,060 (24%)
2014 285,708 (26%) 1,138 (27%) 357 (27%) 52,337 (26%) 16,954 27%) 1,230 (28%)
2015 151,390 (14%) 559 (13%) 174 (13%) 28,010 (14%) 7,856 (13%) 703 (16%)
Region
Northeast 199,146 (18%) 666 (16%) 266 (20%) 40,357 (20%) 30,359 (48%) 904 (20%)
North Central 242,932 (22%) 905 (22%)  337(25%) 42,837 (21%) 7,256 (12%) 735 (17%)
South 403,139 (37%) 1,764 (42%) 464 (35%) 74,740 37%) 8,592 (14%) 1,607 (36%)
West 232,607 (21%) 768 (18%) 257 (19%) 42,145 (21%) 15,689 (25%) 1,121 (25%)
Unknown 22,886 (2%) 92 (2%) 18 (1%) 3,956 (2%) 937 (1%) 85 (2%)
Previous Caesarean
Delivery 198,369 (18%) 515 (12%) 186 (14%) 3,495 (2%) 921 (1%) 56 (1%)
Multi-fetal 1,310
Pregnancies 33,819 (3%) 201 (5%) (98%)° 2,456 (1%) 439 (0.7%) 35 (0.8%)
Pre-existing Diabetes
Mellitus 49,373 (4%) 291 (7%) 71 (5%) 5,508 (3%) 1,386 (2%) 129 (3%)
Chronic Renal Disease 13,841 (1%) 63 (2%) 18 (1%) 644 (0.3%) 238 (0.4%) 12 (0.3%)
Pre-existing
Hypertension 74,291 (7%) 481 (11%) 141 (11%) 10,969 (5%) 2,725 (4%) 233 (5%)
Asthma 59,110 (5%) 230 (5%) 84 (6%) 10,471 (5%) 3,850 (6%) 230 (5%)
Thyroid Disorders 102,888 (9%) 411 (10%) 206 (15%) 20,298 (10%) 4,100 (7%) 350 (8%)
Alcohol/ Substance
Abuse 23,249 (2%) 114 (3%) 30 2%) 2,567 (1%) 2,359 (4%) 65 (1%)
Depression 61,813 (6%) 302 (7%) 77 (6%) 16,038 (8%) 6,681 (11%) 379 (9%)
Bipolar Disorder 7,308 (0.7%) 42 (1%) <11* 1,912 (0.9%) 1,142 (2%) 56 (1%)
Anxiety Disorders 68,544 (6%) 291 (7%) 89 (7%) 18,151 (9%) 6,861 (11%) 398 (9%)
Caesarean Delivery 388,202 (35%) 727 (17%) 651 (49%) NA NA NA
Estimated Gestational 102,171 (9%) 4,160 (99%) ¢ 1,105 NA NA NA
Age <37 weeks (82%)°
Preeclampsia 55,200 (5%) 286 (7%) 103 (8%) NA NA NA
Poor Fetal Growth 33,832 (3%) 244 (6%) 98 (7%) NA NA NA
Chorioamnionitis 36,723 (3%) 624 (15%) 122 (9%) NA NA NA
Postpartum NA NA NA
Hemorrhage 24,093 (2%) 163 (4%) 53 (4%)

#Cell sizes less than 11 cannot be disclosed in accordance with data use agreement

® Not 100% as codes were ascertained in the 360 days before and including the pregnancy end date, however codes used to
identify the pregnancy as a mixed birth pregnancy may have been recorded in the 30 days after the pregnancy end date

“Proportion high as stillbirth and mixed birth pregnancies were assigned a default gestational age that was <37 weeks if they

did not already have a more specific gestational age code on their record

To indirectly validate the accuracy of information, we replicated known associations such as

that between multi-fetal gestation and the risk of preeclampsia (Unadjusted Odds Ratio [OR] and 95%



Confidence Interval [CI]: 3.4 [3.3-3.5]), *' pre-existing diabetes mellitus and risk of major cardiac
malformations in infants (OR: 2.11 [95% CI: 1.87-2.37]), *** and very preterm birth (<= 34 weeks)
and risk of infant bronchopulmonary dysplasia (OR: 87.4 [95% CI: 79.6-95.9]).** All associations

were within expected ranges.

What has it found? Key findings and publications

.2.26,27,30
e2262730 However, the

We are not the first to identify pregnancies in Truven Health data.
specific methods described above are unique and have not been used before to build a pregnancy
cohort. Using an early version of this pregnancy cohort, we found no increased risk of infant major
malformations in women exposed to Pregabalin during the first trimester as compared to unexposed
women.*” We found that among women with multiple sclerosis, those with a relapse during pregnancy
had a similar risk of adverse outcomes at the end of pregnancy as those without a relapse (MacDonald
et al., 2017 abstract presented at Society for Epidemiologic Research 50" Annual Meeting Seattle,
WA, June 22, 2017); and that pre-existing neurologic conditions are often misclassified when one
ascertains them at only the delivery hospitalization compared to a longer interval in pregnancy

(MacDonald et al., 2017 abstract presented at Society for Pediatric and Perinatal Epidemiology’s 30"

Annual Meeting Seattle, WA, June 20, 2017).

What are the main strengths and weaknesses?

The main strengths are the large sample size, linkage among family members, and the
presence of prescription, inpatient, and, outpatient claims. The main weaknesses are that the use of
ICD-9-CM, CPT, and HCPCS codes limits the amount of clinical detail that can be extracted, pre-
existing conditions or conditions that are less likely to come to clinical attention may be under-coded
(i.e. low sensitivity), and conversely, codes reflecting unconfirmed rule-out diagnoses or coding errors
cannot be distinguished from true disease (i.e. may have low specificity) without carefully developed
coding algorithms. As well, there is a lack of information on key socioeconomic factors such as race,

income, or education, a lack of information on over-the-counter medications and illicit drugs, and
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incomplete information about key medical factors such as smoking status or body mass index. Other
limitations include that most pregnancies do not have laboratory information available, limited
continuous follow-up as the dataset is prone to changes in insurance providers over time, the dataset is
expensive and needs to be paid annually to maintain access, and inclusion of only privately insured

women limits generalizability to the wider US population.

Can I get hold of the data? Where can I find out more?
Researchers interested in building a similar pregnancy cohort using the Truven Health

databases can contact Truven Health Analytics at marketscan@truvenhealth.com or visit their website

at: https://truvenhealth.com/. We hope our description of cohort building helps others get started with

their own cohorts.
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Appendix A. End of Pregnancy Codes

Livebirth ICD-9-CM Diagnosis: 7660 7661 7651X 7662X V270 V272 V275 V30XX V31XX V34XX
V39XX
Diagnosis Related Group: 790 791 792 793 794 795
Stillbirth ICD-9-CM Diagnosis: 64601 65640 65641 V271 V274 V277
Current Procedural Terminology: 88016
Mixed Birth ICD-9-CM Diagnosis: 65131 65141 65151 65161 V273 V276 V32XX V35XX V36XX
Spontaneous ICD-9-CM Diagnosis: 632 634XX
Abortion Current Procedural Terminology: 01965 59812 59820 59821 59830
Elective ICD-9-CM Diagnosis: 7796 635XX 636XX
Termination ICD-9-CM Procedures: 7491 750 6901 6951
Current Procedural Terminology: 01966 59840 59841 59850 59851 59852 59855 59856
59857
Healthcare Common Procedure Coding System: S0190 S0199 S2260 S2262 S2265 S2266
S2267
Unspecified ICD-9-CM Diagnosis: 7680 637XX
Abortion Diagnosis Related Group: 770 779
Ectopic ICD-9-CM Diagnosis: 630 7614 63300 63310 63320 63380 63390
ICD-9-CM Procedures: 6662 743
Current Procedural Terminology: 59120 59121 59130 59135 59136 59140 59150
Diagnosis Related Group: 777
Unspecified ICD-9-CM Diagnosis: 64421 64511 64521 64981 64982 650 65101 65111 65121 65181
Delivery 65191 65820 65821 65830 65831 66201 66211 66221 66231 66950 66951 66960 66961 66970

66971 67912 7630 7632 7633 7634 7636 V27 V279 V33XX V37XX
ICD-9-CM Procedures: 72X 730 7301 7309 731 732 7322 733 734 735 7351 7359 736 738
739 7391 7392 7393 7394 7399 740 741 742 744 749 7499 754

Current Procedural Terminology: 01960 01961 01963 01967 01968 01969 59400 59409
59410 59414 59510 59514 59515 59525 59610 59612 59614 59620 59622 99464

Diagnosis Related Group: 765 766 767 768 774 775

ICD-9-CM = International Statistical Classification of Diseases, Ninth Revision, Clinical Modification
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Appendix B. Final Pregnancy Type Definitions

Final Pregnancy Evidence #1 Evidence #2 Other Requirements
Type
Mixed Birth > 1 Mixed Birth EOP Code > I Unclassified
Delivery EOP Code
Livebirth > 1 Livebirth EOP Code > 1 Unclassified
Delivery EOP Code
> 1 Livebirth EOP Code Infant linkage
> 1 Unclassified Delivery Infant linkage
EOP Code
> 2 Unclassified Delivery EOP Codes No other end-of-pregnancy codes
1 Unclassified Delivery > 1 Pregnancy Marker No other end-of-pregnancy codes
EOP Code Code
1 Livebirth EOP Code > 1 Pregnancy Marker
Code
Ectopic or > 1 Ectopic/ Molar NA
Molar Pregnancy
Pregnancy
Elective > 2 Elective Termination No infant linkage
Termination EOP Codes
1 Elective Termination > 1 Unwanted No infant linkage
EOP Code pregnancy Code
1 Elective Termination > 1 Unspecified No infant linkage
EOP Code Abortion EOP Code 0 Spontaneous Abortion EOP
Codes
0 Stillbirth EOP Code
1 Elective Termination > 1 Pregnancy Marker ~ No infant linkage
EOP Code 0 Spontaneous Abortion EOP
Codes
0 Stillbirth EOP Code
Spontaneous > 2 Spontaneous EOP Codes No infant linkage
Abortion > 1 Spontaneous EOP Code > 1 ER visit on end No infant linkage
date
1 Spontaneous EOP Code > 1 Unspecified No infant linkage
Abortion EOP Code 0 Elective Termination EOP Code
0 Stillbirth EOP Code
1 Spontaneous EOP Code > 1 Pregnancy Marker ~ No infant linkage
0 Elective Termination EOP Code
0 Stillbirth EOP Code
Unspecified 1 Spontaneous EOP Code 1 Elective Termination No infant linkage
Abortion EOP Code
> 2 Unspecified Abortion EOP Code No infant linkage
0 Stillbirth EOP Code
1 Unspecified Abortion 1 Pregnancy Marker No infant linkage
EOP Code 0 Stillbirth EOP Code
Stillbirth > 1 Stillbirth EOP Code > 1 Unclassified No infant linkage

Delivery EOP Code

EOP = End of Pregnancy
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Appendix C. Pregnancy Marker Codes

ICD-9-CM Diagnosis® 36220 36222-362.27 632XX-638XX 640XX-679XX 760XX-769XX V22XX V23XX
V27XX V28XX V3XXX V616X V617X V7242 VO1XX
ICD-9-CM Procedures 6902 6952 7321 751 752 7531 7532 7533 7534 7535 7536 7537 7538

Diagnosis Related Group 778 780 781 782 789

Current Procedural 01958 01962 36460 59000 59001 59012 59015 59020 59025 59030 59050 59051

Terminology 59070 59072 59074 59076 59151 59160 59200 59300 59320 59325 59350 59412
59425 59426 59866 59870 59897 59898 59899 76801 76802 76805 76810 76811
76812 76813 76814 76815 76816 76817 76818 76819 76820 76821 76825 76826
76827 81508 81509 81510 81511 81512 82731 83030 83033 83661 83662 83663
85460 85461 99500

Healthcare Common S8055 J2788 12790 J2791 J2792
Procedure Coding System

*Any code already included as an end-of-pregnancy code was excluded
ICD-9-CM = International Statistical Classification of Diseases, Ninth Revision, Clinical Modification
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Appendix D. Gestational Age Codes

Priority 1: Specific Timing Codes

Livebirth, 23 weeks ICD-9-CM Diagnosis: 76521
Stillbirth, Mixed 28 weeks ICD-9-CM Diagnosis: 76500 76501 76511
Birth Only 29 weeks  ICD-9-CM Diagnosis: 76502 76512
30 weeks ICD-9-CM Diagnosis: 76503 76513
31 weeks ICD-9-CM Diagnosis: 76504 76514
32 weeks ICD-9-CM Diagnosis: 76505 76515
Diagnosis Related Group: 790
33 weeks ICD-9-CM Diagnosis: 76506 76516
34 weeks ICD-9-CM Diagnosis: 76507 76517
35 weeks ICD-9-CM Diagnosis: 7766 36220 36222 36223 36224 36225 36226 36227
6442X 76508 76510 76518
Current Procedural Terminology: 00836 49491 49492 67229
Diagnosis Related Group: 791 792
36 weeks ICD-9-CM Diagnosis: 76509 76519
38 weeks ICD-9-CM Diagnosis: 6498X
39 weeks Diagnosis Related Group: 793
41 weeks ICD-9-CM Diagnosis: 6451X 76621
42 weeks ICD-9-CM Diagnosis: 6452X 76622
Spontaneous 10 weeks Current Procedural Terminology: 59820
Aboﬁions, Elective 20 weeks Current Procedural Terminology: 59821
632;12?2238’ Healthcare Common Procedure Coding System: S2260
Abortions Only 26 weeks Healthcare Common Procedure Coding System: S2265
28 weeks Healthcare Common Procedure Coding System: S2262
30 weeks Healthcare Common Procedure Coding System: S2266
33 weeks Healthcare Common Procedure Coding System: S2267
All Pregnancy 24 weeks ICD-9-CM Diagnosis: 76522
Types 26 weeks ICD-9-CM Diagnosis: 76523
28 weeks ICD-9-CM Diagnosis: 76524
30 weeks ICD-9-CM Diagnosis: 76525
32 weeks ICD-9-CM Diagnosis: 76526
34 weeks ICD-9-CM Diagnosis: 76527
36 weeks ICD-9-CM Diagnosis: 76528
39 weeks ICD-9-CM Diagnosis: 76529
Priority 2: Multiple Birth Codes
Livebirth, 31 weeks ICD-9-CM Diagnosis: 6512X V912X
Stillbirth, Mixed 33 weeks ICD-9-CM Diagnosis: 6511X V34XX V35XX V36XX V37XX V911X
Birth Only 35 weeks ICD-9-CM Diagnesis: 6518X 6519X V275 V276 V277 V919X
36 weeks ICD-9-CM Diagnosis: 6510X 6623X V272 V273 V274 V31XX V32XX
V33XX V910X

ICD-9-CM = International Statistical Classification of Diseases, Ninth Revision, Clinical Modification
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Appendix E. Codes for Maternal Characteristics

Characteristic Ascertainment Window Code”

Maternal Age (End date — 360 days) — End date ~ Variable in Dataset
Year of Delivery (End date — 360 days) — End date ~ Variable in Dataset
Region (End date — 360 days) — End date ~ Variable in Dataset

Previous Caesarean Delivery

Multi-fetal pregnancies
Pre-existing Diabetes
Mellitus

Gestational Diabetes

Chronic Renal Disease
Pre-existing Hypertension
Asthma

Thyroid Disorders

Depression

Alcohol/ Substance Abuse

Bipolar Disorder
Anxiety Disorders

Caesarean Delivery

Preterm Delivery

Preeclampsia
Small for Gestational Age

Chorioamnionitis

Postpartum Hemorrhage

(End date — 360 days) — End date
(End date — 360 days) — End date
See definition

See definition

(End date — 360 days) — End date

(End date — 360 days) — End date
(End date — 360 days) — End date
(End date — 360 days) — End date
(End date — 360 days) — End date

(End date — 360 days) — End date

(End date — 360 days) — End date
(End date — 360 days) — End date

Delivery range

(End date) — (End date + 30 days)

Delivery range

(Delivery date — 30 days) —
Delivery date

(Delivery date— 30 days) —
Delivery date

Delivery range

654.2x

V27.2x — V27.7x, 651.xx

Meets all below:

o Codes for “any diabetes” (250.xx,
648.0x, 648.0x) on at least two days
between (LMP-90) until End Date

o Does not meet definition for
gestational diabetes

Meets all below:

o Codes for “any diabetes” (250.xx,
648.0x, 648.0x) on at least two days
between (LMP-90) until End Date

o Codes 648.0x or 648.8x on at least one
day between (LMP) until (LMP+141
days)

o No antidiabetic prescription claims®
between (LMP-90 days) until
(LMP+140 days)

o No “any diabetes” codes between
(LMP-90 days) until (LMP+140 days)

581.xx-583.xx, 585.x%, 587.xx, 588.x,

646.2x

401.xx-405.xx, 642.0x-642.2x, 642.7x

493 .x

240.x-246.x, 648.1x

296.2x, 296.3x, 300.4x, 311.xx, 298.0x,

309.0x, 309.1x

291.xx, 292.xx, 303.xx, 304.xx, 305.0x,

305.2x-305.9x, 357.5x, 425.5x, 571.0x —

571.3x, 648.3x, 655.5x, 965.0x, E860.0,

V11.3,

296.0x, 296.1x, 296.4x, 296.5x, 296.6x,

296.7x, 296.8x, 296.99

293.84, 300.0x, 300.2x, 300.3x, 309.24,

308.0x, 309.81, 313.0x

669.7x, 74.0-74.2, 74.4, 74.99; Current

Procedural Terminology: 59510, 59514,

59515

Gestational age < 37 weeks, as defined in

the cohort

642.4x-642.7x

656.5%, 764.0x, 764.1x, 764.9x

658.4x, 659.3x

666.0x-666.3x

End date = Estimated date of pregnancy end
Delivery range = Delivery hospital admission or, for outpatient deliveries, date of first delivery-related code until date of last

delivery-related code

# International Statistical Classification of Diseases, Ninth Revision, Clinical Modification codes unless otherwise indicated
®Antidiabetic medications: acarbose, acetohexamide, chlorpropamide, exenatide, glimepiride, glipizide, glyburide,
liraglutide, metformin, miglitol, nateglinide, pioglitazone, pramlintide repalinide, rosiglitazone, saxagliptin, sitagliptin,
tolazamide, tolbutamide, troglitazone, insulin, canagliflozin, dapagliflozin, empagliflozin, alogliptin, linagliptin, albiglutide,

dulaglutide
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Abstract

Background: Pre-existing conditions are imperfectly recorded in healthcare databases. We assessed
whether pre-existing neurologic conditions (epilepsy, multiple sclerosis [MS]) were differentially
recorded in the presence of major obstetric outcomes (Caesarean delivery, preterm delivery,
preeclampsia) in delivery records. We also evaluated the impact of differential recording on measures
of frequency and association between the conditions and outcomes.

Methods: The 2011-2014 Truven Health MarketScan® Commercial Claims Dataset was used to
identify deliveries. We calculated the relative recording of epilepsy and MS at delivery compared with

a 270-day pre-delivery interval, both overall and by the presence of major obstetric outcomes. We
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estimated risk ratios of the association between epilepsy and MS with the outcomes for each
ascertainment window.

Results: We identified 909,065 deliveries in women continuously enrolled from 270-days before the
delivery date. Of women with epilepsy identified in the pre-delivery interval, 73% had the condition
coded at delivery. For MS, the proportion was 60%. MS recording at delivery did not vary by
obstetric outcomes, however delivery-coded epilepsy was less likely confirmed in the pre-delivery
interval in the presence of preeclampsia. Generally, the period of ascertainment did not meaningfully
impact risk ratios, however the risk ratio for preeclampsia associated with epilepsy was 1.67 [95% CI:
1.47, 1.90] when epilepsy was ascertained at delivery and 1.26 [95% CI: 1.07, 1.48] when epilepsy
was ascertained in the pre-delivery interval (heterogeneity, p=0.007).

Conclusions: Ascertainment of epilepsy and MS in delivery records underestimated prevalence.

However the window of recording generally did not impact associations with obstetric outcomes.

Introduction

Pregnancy studies are increasingly based on health care databases due to their relative ease of
access, large sample size, and relative low cost compared to ad hoc data collection. Accurate
ascertainment of pre-existing health conditions during pregnancy is vital for the validity of these
studies.

While it is well known that retrospective data collection in interview-based studies can suffer
from differential misclassification of pre-existing conditions*, less attention has been paid to
misclassification in database studies. However, administrative databases pose unique challenges for
disease ascertainment as well, as chronic conditions are often under-recorded*” and this recording may
not be differential with respect to outcomes of interest.

The approaches to deal with misclassification of pre-existing conditions depend on the type of
database. In longitudinal databases (e.g., administrative claims), a natural strategy to capture most
conditions is to ascertain them during a long interval. However, this approach reduces sample size
because only individuals enrolled for the entire duration of the interval are eligible. In most pregnancy

studies, the ascertainment interval is typically the pregnancy period.**
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In cross-sectional databases (e.g. Nationwide Inpatient Sample), researchers are restricted to
ascertaining both the pre-existing conditions and the outcome of interest in the same medical
encounter. This is problematic because the presence of obstetric complications may affect the

. . - .. 50-52
recording of pre-existing conditions.

We used administrative claims to (1) assess the relative recording accuracy of pre-existing
epilepsy and multiple sclerosis (MS) at the delivery hospitalization and in a longer pregnancy interval,
both overall and by commonly associated major obstetric outcomes (Caesarean delivery, preterm

20315334 and (2) compare risk ratios for the association between the pre-

delivery, and preeclampsia)
existing conditions and obstetric outcomes (Caesarean delivery, preterm delivery, and preeclampsia)

when the ascertainment window of the pre-existing conditions varies.

Methods
Study Population
Truven Health MarketScan® (Truven Health Analytics Inc., Ann Arbor, MI, USA)

Commercial Claims and Encounters Database is a convenience sample of health care claims from
approximately 350 payers across the United States. Unique insurance enrollee ID numbers are
available to link inpatient, outpatient, and pharmaceutical claims from the same individual. Using the
International Statistical Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-
CM) and Current Procedural Terminology procedure codes previously used in Medicaid™ and
MarketScan® data,” we identified a cohort of women aged 12-55 who delivered in-hospital from
January 1 2011 — December 31 2014. Delivery date was the date associated with the first delivery-
related procedure code in the inpatient services file or, when a date for the procedure code was
unavailable, the admission date. Using the unique family ID variable, women were linked to infants
whose first healthcare encounter was within 30 days of the mother’s estimated delivery date.

We restricted the cohort to women continuously enrolled with prescription claim data for at least
270 days before the delivery until, and including, the delivery date (Information on how the 270-day

interval length was chosen is provided in Appendix A). Continuous enrollment was defined as
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evidence of enrollment in a health insurance plan for at least 28 days in each month in the study
period. From this cohort we compared women with the pre-existing conditions identified in the full
270 days before and including the date of delivery (‘pre-delivery interval’) to women with the pre-
existing conditions identified only at the delivery hospitalization (‘delivery interval’; Median length
of delivery hospitalization was 2 days).

To simulate studies from longitudinal and cross-sectional data, we based definitions of the
conditions on those commonly used in the literature for each ascertainment interval.”®"*"%' In the
pre-delivery interval, a strict definition was used to maximize the proportion of true cases selected.
MS was defined as the ICD-9-CM code 340.xx on two separate days and epilepsy was defined as any
of the ICD-9-CM codes 345.0x-345.5x, 345.7x-345.9%, 649.4x, on two separate days plus at least one
prescription claim for the antiepileptic medications (Appendix A, Table A1). In the delivery
hospitalization interval, MS and epilepsy were both defined as at least one ICD-9-CM code for their
respective conditions. We described maternal characteristics in women with epilepsy, women with
MS, and women without either of these conditions as defined in the pre-delivery interval using the

codes listed in Appendix B.

Measurements of agreement

We calculated the proportion of women with the pre-existing condition recorded at the
delivery hospitalization, among those classified with the condition in the pre-delivery interval
(“Relative Sensitivity”). We also calculated the proportion of women classified with the pre-existing
condition in the pre-delivery interval, among those with the condition recorded at the delivery
hospitalization (“Relative Predictive Value”).

We presented these measurements overall and stratified by three obstetric outcomes
ascertained in the maternal record during the delivery hospitalization: 1) Caesarean delivery (ICD-9-
CM: 74.0-74.2, 74.99, 669.7x; Current Procedural Terminology: 59510, 59514, 59515), 2) Preterm

delivery (ICD-9-CM: 644.2x), and 3) Preeclampsia (ICD-9-CM: 642.4x-642.7x).

Impact on measures of association
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We calculated the risk ratios for the three obstetric outcomes when the pre-existing conditions
were defined 1) during the pre-delivery interval and ii) at delivery. Risk ratios were estimated using
generalized linear models with a log link, Poisson distribution, and robust variances. All models were
adjusted for maternal age, region, and year of delivery. Heterogeneity of risk ratios from each
ascertainment interval was tested using the Cochrane Q test and p-values were reported. Statistical

analyses were conducted using SAS Enterprise Guide version 6.1 (SAS Institute Inc.).

Results

Of 1,894,935 deliveries between January 1, 2011 and December 31, 2014, there were 909,065
(48%) deliveries to women continuously enrolled in a healthcare plan with prescription claim data
available for 270 days before the delivery date. Of these, 2,248 (0.2%) were classified with epilepsy
and 974 (0.1%) with MS in the pre-delivery interval. Maternal characteristics of women with and
without the pre-existing conditions are presented in Table 2.1

Table 2.1 Maternal Characteristics by Multiple Sclerosis and Epilepsy Status (2011-2014)

Women with . . Women without
Epilepsy Wosrzf;::ilzh(nggﬂi Multiple Sclerosis or
(N=2,248)" Epilepsy (N=905,853)
Age at Delivery, years (SD) 30.0 (5.7) 32.4 (4.8) 30.3 (5.9)
Year of Delivery
2011 206 (9%) 95 (10%) 87,118 (10%)
2012 763 (34%) 313 (32%) 320,760 (35%)
2013 610 (27%) 261 (27%) 250,154 (28%)
2014 669 (30%) 305 (31%) 247,821 (27%)
Region
Northeast 394 (18%) 226 (23%) 155,306 (17%)
North Central 561 (25%) 221 (23%) 208,613 (23%)
South 849 (38%) 306 (31%) 336,161 (37%)
West 397 (18%) 208 (21%) 187,939 (21%)
Unknown 47 (2%) 13 (1%) 17,834 (2%)
Multi-fetal gestation 76 (3%) 30 (3%) 27,897 (3%)
Pre-existing Diabetes Mellitus 116 (5%) 47 (5%) 39,249 (4%)
Previous Caesarean Delivery 442 (20%) 200 (21%) 165,831 (18%)
Chronic Renal Disease 49 (2%) 13 (1%) 11,007 (1%)
Pre-existing Hypertension 186 (8%) 86 (9%) 59,140 (7%)
Thyroid Disorders 201 (9%) 117 (12%) 76,955 (9%)
Alcohol or Substance Abuse 623 (28%) 83 (9%) 22,746 (3%)
Depression 197 (9%) 91 (9%) 36,524 (4%)
Psychiatric Disorders” 337 (15%) 136 (14%) 65,320 (7%)
Urinary Tract Infections 408 (18%) 193 (20%) 130,120 (14%)

*Ten women were classified as having both multiple sclerosis and epilepsy and thus are included in both categories
® Includes anxiety, adjustment, eating, mood, personality, and psychotic disorders.
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Measurements of agreement

Among those meeting the criteria for epilepsy in the pre-delivery interval, 73% were also
recorded as having epilepsy at delivery (Relative Sensitivity). For MS, the Relative Sensitivity was
60%. Among those with recorded epilepsy at delivery, 63% also met the definition for epilepsy in the
pre-delivery interval (Relative Predictive Value). For MS, the Relative Predictive Value was 78%.

Figure 2.1 shows the Relative Sensitivity (Figure 2.1a-Figure 2.1b) and Relative Predictive
Value (Figure 2.1c-Figure 2.1d) among those with and without the obstetric outcomes of interest.
The proportion of women with the pre-existing conditions recorded at delivery tended to be similar or
lower for those with the obstetric outcomes than those without the obstetric outcomes. For MS, the
differences were small whereas for epilepsy there was a large difference in Relative Sensitivity for

those delivering preterm (62%) compared with those delivering at term (75%).
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Darker solid bars represent those with the delivery event; lighter hatched bars represent those without the delivery event.
Error bars represent 95% confidence intervals.

Figure 2.1 Relative Sensitivity (A-B) and Predictive Values (C-D) for Epilepsy (A, C) and Multiple

Sclerosis (B, D) coded in the Delivery versus the Pre-Delivery Interval (2011-2014)

The Relative Predictive Value of epilepsy was lower among those experiencing preterm

delivery (56% vs. 64%), or preeclampsia (47% vs. 65%) than among those without the obstetric
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outcomes. As women with preeclampsia are also more likely to have a preterm delivery,” we
hypothesized that part of this finding could be due to neurologic symptoms associated with
preeclampsia, including eclamptic seizures, being misclassified as epilepsy at delivery. To address
this, we re-calculated the Relative Predictive Value for the remaining outcomes in a cohort excluding
those with preeclampsia. After this exclusion, the Relative Predictive Value increased for those with
preterm delivery (Appendix C).

In contrast to epilepsy, the Relative Predictive Values for MS recorded at delivery were

similar or greater in those with the obstetric outcomes as compared to those without them.

Impact of misclassification on measures of association

Figure 2.2 presents the risk ratios for the obstetric outcomes when the pre-existing condition
was ascertained in the pre-delivery interval and at the delivery hospitalization. Epilepsy defined in the
pre-delivery interval was associated with an increased risk of Caesarean delivery (risk ratio: 1.17
[95% CI 1.11, 1.22]), preterm delivery (1.23 [95% CI 1.09, 1.38]), and preeclampsia (1.26 [95% CI
1.07, 1.34]). Epilepsy defined at delivery had a similar association with Caesarean delivery (p-value
for heterogeneity: 0.31) and preterm delivery (p-value for heterogeneity: 0.77) and a stronger

association with preeclampsia (1.67 [95% CI: 1.47, 1.90], p-value for heterogeneity: 0.007).
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Risk ratios adjusted for maternal age, region (Northeast, Midwest/North Central, South, and West) and year of delivery. Pre-
Delivery = Pre-existing condition recorded on at least two days in the 270 days before and including, the delivery date (and
at least one anti-convulsant prescription for epilepsy), Delivery = Pre-existing condition recorded on at least one day during

the delivery hospitalization, RR= risk ratio, LCI= lower confidence interval, UCI= upper confidence interval.

Figure 2.2 Adjusted Risk Ratios of Obstetric Outcomes by (A) Epilepsy and (B) Multiple Sclerosis

Defined in the Delivery and Pre-Delivery Interval (2011-2014)

MS defined in the pre-delivery interval was associated with an increased risk of preterm
delivery (1.33 [95% CI 1.13, 1.58]) but not for Caesarean delivery (1.03 [95% C1 0.95, 1.11]) or
preeclampsia (1.03 [95% CI1 0.78, 1.35]). MS at delivery was similarly associated with Caesarean
delivery (p-value for heterogeneity: 0.53), preterm delivery (p-value for heterogeneity: 0.37), and
preeclampsia (p-value for heterogeneity: 0.24). Analyses with varying pre-delivery definitions of both

epilepsy and MS found overall similar patterns as the primary analyses (Appendix D-E).

Discussion
The prevalence of epilepsy and MS was under-estimated when ascertainment occurred during

the delivery hospitalization as compared with the pre-delivery interval. This misclassification
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generally appeared non-differential by major obstetric outcomes and most measures of association did
not vary by the ascertainment window.

For epilepsy, 73% of women with the condition in the pre-delivery interval were also
recorded as having epilepsy at delivery. Recording was lower in those delivering preterm than in
those delivering at term, suggesting that more complicated deliveries may distract from the recording
of chronic conditions in the insurance claims. Only 63% of those recorded at delivery met the stricter
condition definition in the pre-delivery interval. This proportion was 47% in women with
preeclampsia which may be explained by (1) neurologic symptoms associated with preeclampsia,
including eclamptic seizures, being incorrectly recorded using epilepsy codes, or (2) more complete
documentation of distant seizure disorders in women with preeclampsia (less likely because the
Relative Sensitivities were virtually equivalent in those with and without preeclampsia). Regardless of
the reason, which cannot be definitely determined from our data, differential misclassification led to
an overestimate of the risk ratio for preeclampsia when epilepsy was ascertained at delivery. This
finding suggests that previous studies in women with epilepsy defined at delivery’>”' may have
overestimated the risk ratio as a result of recording bias.

For MS, 78% of women with the condition in the pre-delivery interval were also recorded as
having MS at delivery when using stricter criteria. Recording did not appear to vary by Caesarean
delivery, preterm delivery, and preeclampsia; and risk ratios for these outcomes were similar whether
MS was identified at delivery or throughout pregnancy.

The greatest strength of this study is the large sample size. Indeed, epilepsy and MS are

51,53,63-69

relatively rare in pregnant women and so many studies are underpowered to assess these

conditions. The studies that have looked are therefore often large administrative databases that may be
cross-sectional, and thus particularly vulnerable to misclassification biases.”*'

Database restrictions prevented us from comparing ascertainment at delivery with a true gold
standard (e.g. medical records) in pregnancy. Instead, we compared ascertainment at delivery to
ascertainment before (and including) delivery using stringent definitions. While these definitions

57-61

were adapted from prior literature and the length of the interval was determined from

comprehensive claims review (Appendix A), some error likely still exists. To emphasize the lack of a
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gold standard, we calculated an estimate of sensitivity of the delivery hospitalization using the
“Relative Sensitivity” and an estimate of the positive predictive value using the “Relative Predictive
Value”. At least one study has used a typical gold standard measure (medical records) and found that
conditions such as asthma, thyroid disorders, and cardiovascular disease generally had low
sensitivities (10-58%) but high positive predictive values (86-100%)," a pattern similar to MS here.
Taken together, it may be reasonable to conclude that while many pre-existing conditions are under-
recorded at delivery, when the conditions are recorded, often they can be confirmed by medical
records”” or more stringent definitions in pregnancy (current study).

Finally, an underlying assumption was that the misclassification of the conditions during the
pre-delivery period is non-differential with regards to pregnancy outcomes. While the temporal
relation of events certainly makes a direct impact of obstetric outcomes on past recordings unlikely,
certain factors (e.g., health care utilization) may still affect the recording during pregnancy and the
risk of adverse delivery outcomes (Figure 2.3). While we cannot completely exclude the possibility
of unmeasured confounders on recording, we do not believe that such covariates would exert

differential effects in the two intervals.

E = Pre-existing condition (e.g. epilepsy); D= Obstetric outcome (e.g. preeclampsia); E*; = Recording of pre-existing
condition in pregnancy; E*, = Recording of pre-existing condition at delivery; L=Other covariates (e.g. Healthcare
utilization). The dashed line indicates the association of interest.

Figure 2.3 Directed Acyclic Graph Indicating Possible Confounding.

Our findings support the hypothesis that pre-existing conditions are incompletely captured on

healthcare databases restricted to delivery, but did not suggest that major obstetric outcomes improve
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the coding of these conditions. Use of cross-sectional records at delivery did not result in recording
bias for most of the associations considered. However, the differential positive predictive value for
epilepsy by preeclampsia suggests that epilepsy should be captured in intervals preceding the delivery
hospitalization (or simply before preeclampsia onset). In general, when only delivery records are
available, investigators should consider whether the outcome of interest can trigger recording of the
specific exposure of interest. Indeed, the potential exists and should be examined when using cross-

sectional medical records.
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Appendix A. Validation of the Pre-Delivery Interval Length

The goal of the validation was to determine the optimal window before delivery from which
to ascertain epilepsy and multiple sclerosis (MS) condition status. We used the pregnancy cohort in
the Truven Health MarketScan® Commercial Claims and Encounters Database described in the main
paper (N=1,894,935 pregnancies). We restricted to women continuously enrolled with prescription
claims data for at least three years before delivery (n=111,780 [6%]). As women with epilepsy and

70,71

MS are advised to see a physician at least once a year ' three years ensured that the majority of

women would have at least 2-3 contacts with the medical system.

From this cohort we ascertained MS and epilepsy in increasing longer 90-day intervals before
delivery, e.g. 90, 180... 1,080 days. MS was defined as having the ICD-9-CM code 340.xx on two
separate days. Epilepsy was defined as any of the I[CD-9-CM codes 345.0x-345.5x, 345.7x-345.9x,
649.4x, on two separate days plus at least one prescription claim for the medications listed in Table

Al.

Table Al. Anti-Epileptic Drugs used in the Pre-Delivery Definition of Epilepsy

Anti-Epileptic Drugs

Brivaracetam, Carbamazepine, Clobazam, Clonazepam, Diazepam, Divalproex, Eslicarbazepine,
Ethosuximide, Ezogabine, Felbamate, Gabapentin, Lacosamide, Lamotrigine, Levetiracetam,
Lorazepam, Oxcarbazepine, Perampanel, Phenobarbital, Phenytoin, Primidone, Rufinamide,

Tiagabine, Topiramate, Valproic Acid/ Valproate, Vigabatrin, Zonisamide.

The proportion of prevalent (pre-existing) cases ascertained in each 90-day interval were
plotted using closed circles and squares in Figure Al. As expected, the proportion of women
classified with the conditions increased with length of the pre-delivery interval during which
diagnostic criteria were assessed. For MS the proportion started to plateau at 0.2% around 450 days
before delivery. For epilepsy, the proportion was 0.36% around 450 days before delivery and 0.46%

at the 1,080-day mark.
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Figure Al. Proportion of Identified Cases and Number Continuously Enrolled with Increasing Days

of Ascertainment before Delivery (2011-2014)

To confirm that the ascertained cases were true cases, we next performed a claims review on a

sub-sample of the ascertained cases. We randomly sampled up to eight epilepsy cases and up to six

MS cases newly identified in each 90-day interval for a full claims profile review (numbers chosen to

represent the fewest number of new cases added in a single 90-day interval). Note that cases were

only eligible for selection during the interval in which they transitioned from a non-case to a case.

Two reviewers (authors) classified cases as either “Met” or “Did Not Meet” a strict case definition

defined in Table A2.
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Table A2. Strict Case Definitions for Claims Review Validation

> 10 Epilepsy Codes®

OR
Lack of all the Following Exclusion Criteria:

e Epilepsy codes” only co-existing with drug abuse codes

e Epilepsy codes” only co-existing with preeclampsia/hypertension codes or codes
only occurring around delivery

e Epilepsy codes” only co-existing with other comorbidities that could lead to
seizures (e.g. uncontrolled diabetes, PTSD, anorexia, anxiety, syncope)

e Epilepsy codes” only clustered in a small window of time

B.
> 10 Multiple sclerosis Codes’ or Disease-modifying Drugs®
OR

2 Separate Days AND > 1 MS Code after the MRI

with MRI

1 MRI AND 1 MS Code” after the MRI + (Either > 1 Disease-
modifying Drugs® or MS symptoms from at least 3
Symptom categoriesd)

0 MRIs AND (Either > 3 Disease-modifying Drugs®or MS
symptoms from at least 5 symptom categories®)

AND

Lack of the Following Exclusion Criteria:
e Multiple codes for a condition that could explain symptoms (e.g. lupus,
transient ischemic attack, encephalopathy, spondylosis, abnormal glucose
tolerance, myelitis from viral disease) suggesting that MS was a rule-out
diagnosis
e MS codes” only clustered in a small window of time
MS = Multiple Sclerosis' MRI = Magnetic resonance imaging
*Epilepsy Codes = ICD-9-CM 345.0x-345.5x, 345.7x-345.9x, 649.4x
®MS Codes = ICD-9-CM 340.xx
¢ Disease modifying drugs = glatiramer acetate, interferon beta-1a, interferon beta-1b, fingolimod hydrochloride, dimethyl
fumarate, natalizumab
4MS symptom categories = Fatigue, Walking (Gait) Difficulties, Numbness or Tingling, Spasticity, Weakness, Vision
Problems, Dizziness and Vertigo, Bladder Problems, Sexual Problems, Pain, Cognitive Changes, Emotional Changes,
Depression, Speech Problems, Swallowing Problems, Tremor, Seizures, Breathing Problems, Itching, Headache, Hearing
Loss

In the claims review, we classified 61% of the sampled epilepsy cases and 62% of the
sampled MS cases as meeting the strict case definitions. However, these percentages varied greatly by

interval time (e.g. 71% met the strict epilepsy definitions and 86% met the strict MS definitions in
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cases ascertained in the first 540 days before delivery vs. 51% for epilepsy and 39% for MS in cases

ascertained in the 1,080-541 day period before delivery).

We applied the percentage meeting the strict claims review definitions from our sub-sample
to the full cohort of ascertained cases and plotted the percentages using open circles and squares in
Figure Al. As can be seen in this figure, although the absolute number of ascertained cases continued
to climb over time, the proportion of cases meeting the strict case definitions in our sub-sample

review tended to plateau around 450-630 days before delivery.

Finally, in Figure A1 we plotted how overall sample size declines as one requires
increasingly longer continuous enrollment time before delivery (closed triangles in the figure).
Additionally, in studies using prescription claim information, sample size is even further reduced as
not all patients are covered by healthcare insurance with prescription claim information available in

the MarketScan® dataset (open triangles in Figure Al).

To determine the optimal window for case ascertainment in the pre-delivery interval we
considered the following information collected up to this point: (1) Proportion of the cohort
ascertained with the pre-existing conditions over time (2) Proportion of ascertained cases that met
strict case definitions upon detailed claims reviews, and (3) Absolute sample size available for the

selected interval. Given this criteria, the selected interval of 270 days before delivery was ultimately

chosen, as (1) a large proportion of cases were ascertained in this interval, (2) most of the ascertained
cases in this window also met the strict case definition applied upon detailed claims reviews, and (3)

overall sample size was still reasonably large.
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Appendix B. Codes for Maternal Characteristics

Characteristic Ascertainment Window ICD-9-CM Code
Maternal Age Delivery hospitalization Variable in Dataset

Year of Delivery Delivery hospitalization Variable in Dataset
Region Delivery hospitalization Variable in Dataset
Previous Caesarean Delivery ~ Pre-delivery interval 654.2x

Multiple Births Pre-delivery interval V27.2x — V27.7x, 651.xx

Pre-existing Diabetes Mellitus
Chronic Renal Disease
Pre-existing Hypertension
Thyroid Disorders

Depression

Alcohol/ Substance Abuse

Psychiatric Disorders

Psychotic Disorders
Mood Disorders
Anxiety Disorders
Personality Disorders
Eating Disorders
Adjustment Disorders

Pre-delivery interval
Pre-delivery interval
Pre-delivery interval
Pre-delivery interval
Pre-delivery interval

Pre-delivery interval

Pre-delivery interval
Pre-delivery interval
Pre-delivery interval
Pre-delivery interval
Pre-delivery interval
Pre-delivery interval

648.0x 250.xx

581.xx-583.xx, 585.xx, 587.xx, 646.2x
642.0x-642.2x, 642.7x, 401.xx-405.xx
648.1x, 240.x-246.x

296.2x, 296.3x, 300.4x, 311.xx,
298.0x, 309.0x, 309.1x

291.xx, 292.xx, 303.xx-305.xx,
648.3x, 655.5%, 965.0x, V65.42

295.xx — 298.xx, 293.81-293.82
293.83

293.84, 300.xx

301.xx

307.1x 307.51

309.24, 309.28, 309.3x 309.4x 309.9x

Pre-delivery interval = 270 days before, and including, the delivery date
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Appendix C. Relative Predictive Values for Epilepsy among those with and without Caesarean

erm Delivery in a Sub-set without Preeclampsia (2011-2014)

Delivery and Pret
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Appendix D. Sample Size, Relative Sensitivity, and Relative Predictive Values for Varying Pre-

Delivery Definitions of the Pre-Existing Conditions (2011-2014)

Pre- Relative
Existing Relative Predictive

Condition Definition n Sensitivity Value
Epilepsy 2+ Epilepsy Codes & 1+ Antiepileptic Drug® 2,248 73% 63%

2+ Epilepsy Codes & 1+ Antiepileptic Drug (Excluding 2,035 71% 55%

delivery admission)

1+ Epilepsy Codes & 1+ Antiepileptic Drug 2,612 70% 70%

2+ Epilepsy Codes 2,904  67% 75%

1+ Epilepsy Code (Excluding delivery admission) 3,618  53% 74%
Multiple 2+ Multiple Sclerosis Codes® 974 60% 78%
Sclerosis 2+ Multiple Sclerosis Codes (Excluding delivery admission) 818 53% 58%

1+ Multiple Sclerosis Code (Excluding delivery admission) 1,271 46% 78%

# Original definition as in the manuscript
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Appendix E. Adjusted Risk Ratios of Obstetric Outcomes by (A) Epilepsy and (B) Multiple Sclerosis

Defined using Varying Pre-Delivery Definitions of the Conditions (2011-2014)

A. Epilepsy

Caesarean Delivery (Pre-Delivery: 2+ Codes & 1+ Drug) =
{Pre-Delivery: 1+ Code & 1+ Drug) et
(Pre-Delivery: 2+ Codes) [acal
(Pre-Delivery: 2+ Codes & 1+ Drug ED) (Rl
(Pre-Delivery; 1+ Code ED) (azal
(Delivery) e
Preterm Delivery  (Pre-Delivery: 2+ Codes & 1+ Drug) [
(Pre-Delivery: 1+ Code & 1+ Drug) f——1
(Pre-Delivery: 2+ Codes) —=—
(Pre-Delivery: 2+ Codes & 1+ Orug ED) p—a—q
(Pre-Delivery: 1+ Code ED) —e—
(Delivery) |
Preeclampsia (Pre-Delivery: 2+ Codes & 1+ Drug) | —
(Pre-Delivery: 1+ Code & 1+ Drug) [ —
(Pre-Delivery: 2+ Codes) ——e—
(Pre-Delivery: 2+ Codes & 1+ Drug ED) P
(Pre-Delivery: 1+ Code ED) i
(Delivery) A

B. Multiple Sclerosis

Caesarean Delivery  (Pre-Delivery: 2+ Codes) —o—i
(Pre-Delivery: 2+ Codes ED) I
(Pre-Delivery: 1+ Code ED) ==
(Delivery) —=—
Preterm Delivery  (Pre-Delivery: 2+ Codes) e
(Pre-Delivery: 2+ Codes ED) |
(Pre-Delivery: 1+ Code ED) p——
{Delivery) P
Preeclampsia (Pre-Delivery: 2+ Codes) ; :
(Pre-Delivery: 2+ Codes ED) ; {
(Pre-Delivery: 1+ Code ED) —
(Delivery) k |

0.6 08 1 1.2 14 16 18 2 22

ED = excluding delivery admission
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Abstract

Objective: To describe the risks of adverse pregnancy outcomes in women with multiple sclerosis
(MS) in the United States relative to those without MS, both overall and by disease activity.
Methods: We used two large administrative databases (2011-2015 Truven Health Marketscan®
Commercial Claims and Encounters Database [Truven]; and 2007-2011 Nationwide Inpatient Sample
[NIS]) to identify cohorts of deliveries. MS and pregnancy outcomes (infections in pregnancy,
Caesarean delivery, preterm delivery, poor fetal growth, preeclampsia, chorioamnionitis, postpartum
hemorrhage, stillbirth, and infant malformations) were identified using codes recorded during
pregnancy (Truven) and the delivery admission (Truven and NIS). We calculated adjusted risk ratios
by both MS status (Truven and NIS) and the presence of relapses in the year before delivery (Truven).
Results: Among over 5 million pregnancies, we identified 3,875 women with MS. Women with MS
were at an increased risk of infections during pregnancy (adjusted risk ratio Truven: 1.22 [1.16-1.27])
and preterm delivery (Truven 1.19 [1.04-1.35]; NIS 1.30 [1.16-1.44]). The risk of other adverse
pregnancy outcomes was similar in women with and without MS. The risk ratios for women
experiencing a relapse in the year prior to delivery compared to those with no relapses were all within
the 0.9 to 1.4 range, and confidence intervals overlapped the null.

Conclusions: Women with MS are at a slightly higher risk of infections during pregnancy and

preterm delivery; otherwise their risk of the measured adverse pregnancy outcomes is similar to the
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overall population. Disease activity in the year before delivery is not a strong predictor of adverse

pregnancy outcomes.

Introduction

Women are two to three times more likely to be diagnosed with multiple sclerosis (MS) than
men"? and onset commonly occurs between 20-40 years.’ As a result, many newly diagnosed patients
are women in the process of building their families. It is therefore critical that the safety of
pregnancies in women with MS be adequately studied.

As only a small proportion of all pregnancies are affected by MS,”"*>*7 large cohorts are needed
to ascertain their risks for rare outcomes. In previous studies, most, *>*"*"* but not all,”"*>**"® have
found no increased risk of Caesarean delivery and preterm delivery in women with MS than in
women without MS. However, more rare outcomes (e.g. chorioamnionitis, postpartum hemorrhage)
have received less attention.” It is theoretically possible for women with MS to have an elevated risk
of these disorders given their increased risk for prolonged®* and induced®’*””"® labor.

Finally, few studies have investigated whether the low relative risk for adverse pregnancy
outcomes extends to women with more active disease. Indeed, a relatively low risk for adverse
outcomes in pregnancy could be partially explained by a tendency for women with milder disease to
be more likely to choose pregnancy than women with more severe MS. Understanding the risk of
adverse pregnancy outcomes in women with moderate-to-severe disability has been stated as a key
knowledge gap of the field.’®

We estimated the risks of adverse pregnancy outcomes in women with and without MS, and,
among women with MS, the risks of adverse pregnancy outcomes by relapse history in the year before

delivery.

Methods
Study Population
We identified pregnancy cohorts within two large administrative health care databases,

Truven Health MarketScan® Commercial Claims and Encounters Database (Truven Health Analytics
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Inc., Ann Arbor, MI, USA; Truven) and the Nationwide Inpatient Sample (NIS), both of which have
been previously used in many pregnancy-related studies.*¢ *7->"7*%

The Truven database is a convenience sample of health care claims from approximately 350
payers across the United States. Unique insurance enrollee ID numbers are available to link claims
from the same individual, and a unique family ID number links families on the same insurance plan.
We identified a cohort of pregnant women ages 12-55 delivering live or stillborn infants between
September 1, 2011 and September 30, 2015. Codes indicating gestational ages of the pregnancy were
ascertained at delivery and in the 30 days post-delivery in mother and infant (where available) claims.
We calculated the first day of the last menstrual period (LMP) date by subtracting estimated
gestational age from the delivery date. We required women to have been continuously enrolled in
their insurance plan from 3 months before LMP until the delivery date.

The NIS, part of the Healthcare Cost and Utilization Project sponsored by the Agency for
Healthcare Research and Quality, is a 20% stratified sample of all US community hospitals as defined
by the American Hospital Association. Approximately 7 million (unweighted) discharge abstracts
from almost 1,000 hospitals are recorded each year.*' Discharge-level sampling weights based on the
sampling scheme are available to obtain national estimates from all US community hospitals. Using
ICD-9-CM codes from a previously validated method,* we identified hospitalizations where a
delivery occurred in women ages 12-55 in 2007-2011.

MS was ascertained using the ICD-9-CM code 340.xx. In Truven, we required this code to be
recorded on at least two unique days anytime from 90 days before LMP until the delivery date. In the
NIS we required at least one code recorded at the delivery hospitalization as this dataset does not

allow linkages across healthcare encounters.

Maternal Characteristics

We ascertained age, year, region, payer type, hospital location (NIS only), race (NIS only),
and quartile of median household income for the woman’s zip code (NIS only) at delivery using
variables directly available in the datasets. Other chronic conditions and baseline characteristics (e.g.

previous Caesarean delivery, multi-fetal pregnancies, pre-existing diabetes mellitus) were ascertained
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using the ICD-9-CM codes listed in Appendix A. These conditions were ascertained at the delivery
admission in the NIS and throughout pregnancy (LMP until [including] delivery) in Truven. In
Truven, we calculated the mean number of health service dates (inpatient or outpatient) from LMP
until (and excluding) delivery.

We present the prevalence of these characteristics and conditions by MS status in both cohorts.
To determine whether the selected cohort in Truven differed from those excluded for non-continuous
enrollment, we compared the above characteristics ascertained at delivery in women included and

women excluded from the Truven cohort.

Outcomes

As hospital encounters in the NIS cannot be linked across pregnancy within individuals,
infections in pregnancy were ascertained from LMP date until the delivery date in only the Truven
database. Infections in pregnancy were reported overall and in the following specific categories using
the ICD-9-CM codes™ listed in Appendix A: genitourinary infections, upper respiratory tract
infections, lower respiratory tract infections, sexually transmitted infections, skin and soft tissues
infections, otitis media, influenza, and gastroenteritis. An infection event was defined as one or more
code for the above infection types in outpatient or inpatient data. To separately capture more severe
infections requiring hospitalization, we only included infection events with one or more infection
code as the primary diagnosis for a hospitalization from LMP up until, but excluding, the delivery
date.

We identified Caesarean delivery, preterm delivery, poor fetal growth, preeclampsia,
chorioamnionitis, postpartum hemorrhage, and stillbirth in women with and without MS using the
ICD-9-CM codes listed in Appendix A. In the NIS, all pregnancy outcomes were ascertained at the
delivery admission. However in Truven, the ability to link between healthcare encounters allowed us
improved ascertainment of some outcomes. Like the NIS, we ascertained Caesarean delivery and
postpartum hemorrhage in the delivery interval. However, since poor fetal growth, preeclampsia, and
chorioamnionitis may be diagnosed before a woman gives birth, we ascertained these outcomes in the

30 days before and including the delivery interval. We only used inpatient claims pre-delivery (but
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both inpatient and outpatient at delivery) to ascertain preeclampsia, as previous work has suggested a
high risk of misclassification for preeclampsia recorded in outpatient claims.™ Preterm delivery was
defined as a gestational age less than 37 weeks and was based on the codes in Appendix A (see
gestational age definition above). Stillbirth was a distinct pregnancy outcome included in the
pregnancy cohort and was ascertained at delivery.

We ascertained major non-chromosomal structural malformations as described previously® using
CDC guidelines® in pregnancies with linked infants continuously enrolled for at least 90 days after
delivery (defined as at least one claim in the first month and stated enrollment from the Enrollment
Table Dataset for remaining months) well as in infants with evidence of a neonatal death (ascertained
in the first 30 days of the maternal record and the first 90 days of the infant record [ICD-9-CM Codes:
768.0x, 768.1x, 798.0x-798.2x, 798.9%, 656.4x or discharge status of “died”]). Due to small samples

we combined all types of malformations.

Relapse Status
Relapses during pregnancy were assessed in the Truven dataset in women with prescription

drug benefit coverage. We used the following validated algorithm®"**

to define a relapse: either (1)
An inpatient admission (excluding the delivery admission) with MS (340.xx) as the primary diagnosis
or (2) An outpatient admission with MS as the primary or secondary diagnosis plus a corticosteroid
prescription or procedure code for corticosteroids commonly used to treat acute relapses
(methylprednisolone, dexamethasone, prednisone, prednisolone, adenocorticotropic hormone; HCPCS
procedure codes: J1020, J1030, J1040, J2920, J2930, J8540, J1094, J1100, J7506) in the 7 days after
the outpatient claim.

We calculated relapses in four main intervals: (1) 90 days before LMP until 1 day before
LMP (Pre-Pregnancy), (2) LMP until 90 days after LMP (Trimester 1), (3) 91 days after LMP until
180 days after LMP (Trimester 2), (4) 181 days after LMP until delivery (Trimester 3). Women with
at least one relapse during any of these intervals was categorized in the relapse group and their risks

of the pregnancy outcomes defined above were compared to women without a relapse in any of the

intervals. As a secondary analysis, we also calculated relapse risk in women 90 days post-delivery
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among the subgroup of women with continuous medical and prescription coverage in this post-

delivery interval.

Statistical Analyses

Risk ratios (RR) of pregnancy outcomes were estimated using standardized probabilities from
logistic regression® with 95% confidence intervals obtained from 500 bootstrap samples. In the NIS,
the logistic regression employed survey procedures and discharge-level sampling weights to account
for the complex sampling design and to obtain national estimates of discharges from all US
community hospitals.

Risk ratios were calculated in four ways: (1) Unadjusted, (2) Adjusted for maternal age,
delivery region, year of delivery, and insurance type (private vs. public; NIS only; Model 1), (3)
Model 1 with additional adjustment for pre-existing diabetes, chronic renal disease, pre-existing
hypertension, asthma, thyroid disorders, depression, and alcohol or substance abuse (Model 2), and
(4) in the NIS, Model 2 with additional adjustment for race, quartile of median household income by
patient zip code, and hospital location (rural or urban; Model 3). As Model 1 represents the most
interpretable measure of the risk for a woman with MS compared to a woman without MS of the same
age, year, and region of treatment, we presented this model as the primary measure with additional
models available in the supplement. Risks ratios comparing women with and without a relapse were
only presented unadjusted, as sample size was small.

Variables with missing values were assigned a missing indicator level. In accordance with the
data use agreement, we could not present any cell sizes less than 11. All statistical analyses were
conducted using SAS Enterprise Guide version 6.1 (SAS Institute Inc). This study received ethics

board approval by Harvard TH Chan School of Public Health.

Results
In Truven, there were 1,830,941 live or stillborn pregnancies from September 1, 2011 —
September 30, 2015 in women ages 12-55 years old (Figure 3.1). Of these, 728,337 (40%) were

excluded for non-continuous enrollment from 90 days before LMP until delivery date, leaving
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1,102,604 in the study population. Maternal characteristics (ascertained at delivery) between women
included and excluded for non-continuous enrollment are presented in Appendix B. Besides year of

delivery, covariates were similar between the two groups.

Truven Healih MarketScan® Commercial Claims & Encounters Database Exposure Nationwide Inpatient Sample
Outcomes
N=1,830,941
Live or Stillbirth Pregnancies in N=4,190,599
women 12-55 years old MS vs. without MS Deliveries

l A Infections l’
/

N=1,102,604 (60%) ;

N=605,710 (55%)

Continuous enrollment from90 ==

days before LMP until delivery date

MS vs. without MS
<
Pregnancy Outcomes™ +

N=4,186,816 (99.9%)
Women 12-55 years old

Has a linked infant continuously

enrolled in a health insurance MS vs. without MS

plan in the 90 days after delivery| [T e Malformations
OR evidence of neonatal death
OR a stillbirth pregnancy ‘ N=1,439 (0.13%)
Women with MS
N=1,168 (81%) Relapse vs. without
Enrolled in a health insurance plan B Relapse
with prescription drug benefit Infections & Pregnancy
N=733 (63%) coverage QOutcomes
Has a linked infant continuously ;
enrolled in a health insurance Relapse vs, wilhout
--------------------------------------- > Relapse

plan in the 90 days after delivery
OR evidence of neonatal death
OR a stillbirth pregnancy

Malformations

*Pregnancy outcomes are Caesarean delivery, preterm delivery, poor fetal growth, preeclampsia, chorioamnionitis,
postpartum hemorrhage, and stillbirth. MS = Multiple Sclerosis

Figure 3.1 Sample Size (Truven Health Marketscan® Commercial Claims & Encounters Database,

2011-2015; Nationwide Inpatient Sample, 2007-2011)

There were 4,186,816 live and stillborn deliveries in the NIS from 2007-2011 in women ages 12-
55 years old.
Proportion of the cohort with MS was 0.13% (N=1,439) in Truven and 0.06% (N=2,436) in NIS.
As MS was ascertained in the full pregnancy period in Truven and only the delivery admission in the
NIS, a lower prevalence of MS in the NIS dataset was expected.
Maternal characteristics and conditions are presented in Table 3.1. In the NIS, women with MS
were more likely to be white, less likely to be Hispanic, Asian, or Pacific Islander, and more likely to
be in the highest quartile of patient income. In both cohorts, women with MS were older than women

without MS at delivery, were more likely to be from the Northeast than from the South, and had a
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higher prevalence of chronic conditions such as depression, pre-existing hypertension, and alcohol or

substance abuse. The prevalence of recorded chronic conditions was overall lower in the NIS dataset

due to differences in the ascertainment window; however the direction of effect between women with

and without MS was similar to Truven.

Table 3.1 Maternal Characteristics by Multiple Sclerosis Status

Truven Health Marketscan®
Commercial Claims & Encounters
Database

Nationwide Inpatient Sample®

Maternal Characteristics Women with Women without

Women with

Women without

Multiple  Multiple Sclerosis Multiple Multiple Sclerosis
Sclerosis (N=1,101,165) Sclerosis (N=4,184,380)
(N=1,439) (N=2,436)
Age at Delivery, years (SD", 32.6+49 30.3+5.6 31.5+0.1 27.6 +£0.05
SE®)
Year of Delivery
2007 0 0 525 (22%) 927,517 (22%)
2008 0 0 484 (20%) 865,887 (21%)
2009 0 0 491 (20%) 819,992 (20%)
2010 0 0 430 (18%) 776,249 (19%)
2011 <11 5,312 (0.5%) 506 (21%) 794,735 (19%)
2012 488 (34%) 374,157 (34%) 0 0
2013 347 (24%) 283,672 (26%) 0 0
2014 420 (29%) 286,330 (26%) 0 0
2015 175 (12%) 151,694 (14%) 0 0
Region
Northeast 363 (25%) 198,925 (18%) 559 (24%) 653,544 (16%)
North Central” / Midwest® 286 (20%) 242,982 (22%) 593 (25%) 883,917 (21%)
South 480 (33%) 404,096 (37%) 779 (32%) 1,599,387 (38%)
West 286 (20%) 232,328 (21%) 505 (20%) 1,047,532 (24%)
Unknown 24 (2%) 22,834 (2%) 0 0
Primary Payer
Private 1,439 (100%) 1,101,165 (100%) 1,728 (71%) 2,091,057 (50%)
Public 0 0 605 (25%) 1,825,933 (44%)
Other 0 0 103 (4%) 267,390 (6%)
Hospital Location
Urban NA NA 2,223 (92%) 3,671,351 (89%)
Rural NA NA 200 (8%) 468,938 (11%)
Race
White NA NA 1,454 (60%) 1,792,817 (43%)
Black NA NA 268 (11%) 484,094 (12%)
Hispanic NA NA 149 (6%) 811,798 (19%)
Asian or Pacific Islander NA NA 30 (1%) 181,345 (4%)
Native American NA NA <11 30,467 (0.7%)
Other NA NA 69 (3%) 167,887 (4%)
Missing NA NA 456 (19%) 715,972 (17%)
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Table 3.1 (Continued)

Quartile of Median Household
Income for Patient Zip Code*

Quartile 1 NA NA 439 (18%) 1,109,720 (27%)

Quartile 2 NA NA 477 (20%) 1,041,599 (25%)

Quartile 3 NA NA 677 (28%) 1,013,480 (24%)

Quartile 4 NA NA 816 (34%) 939,334 (22%)

Missing NA NA 27 (1%) 80,247 (2%)
Previous Caesarean Delivery 309 (21%) 202,851 (18%) 458 (19%) 675,697 (16%)
Multi-fetal Pregnancies 44 (3%) 36,390 (3%) 66 (3%) 76,343 (2%)
Pre-existing Diabetes Mellitus 78 (5%) 48,711 (4%) 34 (1%) 38,737 (1%)
Chronic Renal Disease 22 (2%) 13,880 (1%) 11 (0.4%) 10,424 (0.3%)
Pre-existing Hypertension 141 (10%) 74,066 (7%) 87 (4%) 81,618 (2%)
Asthma 88 (6%) 53,081 (5%) 158 (7%) 131,669 (3%)
Thyroid Disorders 175 (12%) 95,820 (9%) 165 (7%) 98,237 (2%)
Chronic lower GI conditions 20 (1%) 9,389 (0.9%) 13 (0.6%) 9,050 (0.2%)
Alcohol/ Substance Abuse 97 (7%) 21,721 (2%) 40 (2%) 56,373 (1%)
Depression 140 (10%) 49,522 (5%) 134 (6%) 79,384 (2%)
Bipolar Disorder 11 (0.8%) 6,090 (0.6%) 32 (1%) 22,102 (0.5%)
Anxiety Disorders 135 (9%) 53,215 (5%) 50 (2%) 31,821 (0.8%)
Mean Number of Health 22 (11) 16 (10) NA NA

Service Dates in Pregnancy

GI = Gastrointestinal

Cell sizes less than 11 cannot be disclosed in accordance with data use agreement; NA = Not available

*Proportions weighted using sampling weights to achieve nationally representative estimates.
® Applies to the Truven Health MarketScan® Commercial Claims & Encounters Database

¢ Applies to the Nationwide Inpatient Sample
4 Exact amount varies by year. In 2011, the first quartile was from $1 to $37 999, the second quartile was from $38 000 to

$47 999, the third quartile was from $48 000 to $63 999, and the fourth quartile was $64 000 or more

The prevalence of the measured infections in pregnancy was 52% in women with MS and

43% in women without MS (RR: 1.22 [1.16-1.27]; Table 3.2). Genitourinary infections were the most

common infection type (30% in MS versus 24% without MS). Risk was higher for women with MS

than women without MS for all infections except influenza, with risk ratios ranging from 1.18 to 1.58.

Demographic characteristics and concomitant chronic conditions did not account for the elevated risk

of infections overall (Model 2).
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Table 3.2 Prevalence and Risk Ratios of Infections during Pregnancy by Multiple Sclerosis Status

(Truven Health Marketscan® Commercial Claims & Encounters Database, 2011-2015)

Women with W thout
Multiple omen withou Risk Ratios [95% Confidence Intervals]

Infection Type Multiple Sclerosis

Sclerosis

(N=1,439) (N=1,101,165) Unadjusted Model 1 Model 2
Any 744 (52%) 478,219 (43%) 1.19[1.13-1.25] 1.22[1.16-1.27] 1.18[1.12-1.24]
Genitourinary 437 (30%) 268,472 (24%) 1.25[1.16-1.34] 1.31[1.20-1.40] 1.26[1.17-1.36]
Upper Respiratory Tract 352 (24%) 197,164 (18%) 1.37[1.23-1.49] 1.38[1.25-1.51] 1.33[1.20-1.45]
Lower Respiratory Tract 75 (5%) 42,675 (4%) 1.35[1.08-1.66] 1.33[1.05-1.63] 1.22[0.94-1.50]
Sexually Transmitted 61 (4%) 44,796 (4%) 1.04[0.80-1.31] 1.18[0.90-1.47] 1.12[0.85-1.41]
Skin and Soft Tissues 66 (5%) 41,388 (4%) 1.22[0.94-1.51] 1.23[0.94-1.53] 1.17[0.89-1.45]
Otitis Media 24 (2%) 16,662 (2%) 1.11[0.67-1.52] 1.18[0.76-1.64] 1.13 [0.68-1.60]
Influenza 11 (0.8%) 11,355 (1%) 0.74[0.34-1.20] 0.77[0.36-1.27] 0.74 [0.34-1.21]
Gastroenteritis 13 (0.9%) 6,855 (0.6%) 1.46[0.70-2.22] 1.58[0.82-2.53] 1.46[0.69-2.29]
Any Requiring <11 5,044 (0.5%) NA  1.52[0.57-2.56 1.28[0.34-2.21]

Hospitalization

Cell sizes less than 11 cannot be disclosed in accordance with data use agreement

NA=Not Available

Model 1: Adjusted for year, age, and region at delivery

Model 2: Adjusted for year, age, region at delivery, pre-existing diabetes, chronic renal disease, pre-existing hypertension,
asthma, thyroid disorders, depression, substance abuse

Estimated prevalence of pregnancy outcomes in women with and without MS are presented in
Table 3.3, with adjusted RRs in Figure 3.2 (all RRs and 95% confidence intervals listed in Appendix
C). The proportion of women with Caesarean delivery was higher in women with MS than in those
without, both in Truven (39% vs 35%) and in NIS (43% vs 33%). After adjustment for basic
demographic information, the risk ratio was elevated in the NIS (1.16 [1.09-1.22]) but close to the
null in Truven (1.04 [0.97-1.11]). To see if the different RRs in Truven and the NIS could be
explained by effect modification by insurance type, we restricted the NIS cohort to only privately

insured women and found the risk ratio was similar to women in the full NIS cohort (1.15 [1.04-1.27])
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Table 3.3 Pregnancy Outcomes by Multiple Sclerosis Status (Truven Health Marketscan®

Commercial Claims & Encounters Database, 2011-2015; Nationwide Inpatient Sample, 2007-2011)

Truven Health Marketscan®
Commercial Claims & Encounters

Database

Nationwide Inpatient Sample®

Pregnancy Outcomes® -
& Y Women with

Multiple Sclerosis

Women without
Multiple Sclerosis

Women with
Multiple Sclerosis

Women without
Multiple Sclerosis

(N=1,439) (N=1,101,165) (N=2,436) (N=4,184,380)
Caesarean Delivery 568 (39%) 389,112 (35%) 1,036 (43%) 1,383,636 (33%)
Preterm Delivery 189 (13%) 114,176 (10%) 265 (11%) 348,253 (8%)
Poor Fetal Growth 128 (9%) 96,665 (9%) 59 (2%) 88,814 (2%)
Preeclampsia 73 (5%) 56,828 (5%) 102 (4%) 174,008 (4%)
Chorioamnionitis 46 (3%) 37,604 (3%) 35 (1%) 76,008 (2%)
Postpartum Hemorrhage 21 (1%) 24,236 (2%) 78 (3%) 114,766 (3%)
Stillbirth <11 6,256 (0.6%) 15 (0.6%) 27,442 (0.7%)
Infant Malformation® 35 (4%) 26,896 (4%) NA NA

Cell sizes less than 11 cannot be disclosed in accordance with data use agreement; NA = Not available

* Outcomes are not mutually exclusive.

® Proportions weighted using sampling weights to achieve nationally representative estimate
“In a sub-cohort of women with continuous enrollment in the 30 days after delivery and a linked infant with continuous
enrollment in the 90 days after delivery or evidence of neonatal death (n=902 women with multiple sclerosis; n=604,808

women without multiple sclerosis)

RR LCI ucl
Cesarean Section Truven e 1.04 973 1.1
NIS ! 1.16 1.10 1.22
Preterm Delivery Truven —a— 1.19 1.04 1.35
NIS o 1.30 1.16 1.44
Small for Gestational Age  Truven - 1.03 873 1.19
NIS —e 1.23 .939 1.54
Preeclampsia Truven P 978 767 1.23
NIS — 1.00 .801 1.19
Chorioamnionitis Truven ] .983 748 1.30
NIS — .894 .585 1.20
Postpartum Hemorrhage Truven —_— .668 413 .852
NIS e 1.20 931 1.50
Stillbirth Truven .821 233 1.52
NIS = .958 498 1.48
Infant Malformations®  Truven [— .854 591 1.12
T T T T T T
0.25 0.5 075 1 1.5 2 25

Risk ratios adjusted for year, age, region at delivery, and insurance type (Nationwide Inpatient Sample only). Truven =
Truven Health MarketScan® Commercial Claims & Encounters Database; NIS = Nationwide Inpatient Sample; RR = Risk
Ratio; LCI = Lower Confidence Interval; UCI = Upper Confidence Interval; * In a sub-cohort of women with continuous
enrollment in the 30 days after delivery and a linked infant with continuous enrollment in the 90 days after delivery or
evidence of neonatal death (n=902 women with multiple sclerosis; n=604,808 women without multiple sclerosis)

Figure 3.2 Risk Ratios (95% Confidence Intervals) of Pregnancy Outcomes in Women with

and without Multiple Sclerosis (Truven Health Marketscan® Commercial Claims & Encounters

Database, 2011-2015; Nationwide Inpatient Sample, 2007-2011)
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Women with MS had a 20-30% increased risk of preterm delivery in both cohorts (Truven:
1.19[1.04-1.35]; NIS: 1.30 [1.16-1.44]). Of note, the risks of preterm delivery were similar among
both vaginal and Caesarean deliveries (Appendix C). Risk ratios for poor fetal growth, preeclampsia,
chorioamnionitis, postpartum hemorrhage, and stillbirth were close to the null in the two cohorts.
Note that varying the definition of poor fetal growth to at least two codes before delivery did not
substantially alter the effect estimates. Overall, adjustment for chronic conditions (Model 2) and
additional socioeconomic factors (Model 3) did little to alter the risk ratios beyond the effect estimates
generated in Model 1.

605,710 pregnancies were assessed for non-chromosomal structural major malformations
(n=6,263 stillbirths; n=598,370 livebirths continuously enrolled, n=1,077 livebirths with evidence of
neonatal death). The risk of major malformation was 4% in both women with and without MS and
women with MS (0.85 [0.59-1.12]).

To assess relapses in Truven, we excluded 271 (19%) women with MS from the original
cohort for not having prescription drug benefit coverage, leaving 1,168 (81%) women (Figure 3.1). In
total, 210 women (18%) had at least one relapse during or before pregnancy (Figure 3.3); 10% during
the pre-pregnancy interval, 5% in the first trimester, 4% in the second trimester and 3% in the third
trimester. There were 1,025 (88%) women with MS with continuous enrollment and prescription
coverage in the 90 days post-delivery. Among this sub-group, the risk of relapse post-delivery was

estimated at 12%.

20% -

18% -

16% -

14% - 12%
12% - 10% T

T T
10% - T
8% -
5%

6% - T 4%

4% | * T 3%

2% |

0% T T T T )

90 Days Before Trimester 1 Trimester 2 Trimester 3 90 Days After
Pregnancy Delivery*

* In the sub-cohort with continuous enrollment and prescription drug coverage from 90 days post-delivery (N=1,025)
Figure 3.3 Risk of Relapse Before and During Pregnancy in Women with Multiple Sclerosis (Truven

Health Marketscan® Commercial Claims & Encounters Database, 2011-2015)
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Prevalence of pregnancy outcomes in women with and without a relapse before or during
pregnancy are presented in Table 3.4. Overall, no meaningful differences were found and risk ratios

ranged from 0.9 to 1.4.

Table 3.4. Infections and Pregnancy Outcomes by Relapse in Pregnancy (Truven Health

Marketscan® Commercial Claims & Encounters Database, 2011-2015)

Women with . Unadjusted Risk Ratio

Women without a
a Relapse Relapse (N=958) [95% Confidence
(N=210) Intervals]
Infections in Pregnancy (any) 105 (50%) 483 (50%) 0.99 [0.85-1.15]
Caesarean Delivery 91 (43%) 367 (38%) 1.13[0.95-1.35]
Preterm Delivery 27 (13%) 131 (14%) 0.94 [0.63-1.32]
Poor Fetal Growth 19 (9%) 86 (9%) 1.01 [0.57-1.63]
Preeclampsia 14 (7%) 47 (5%) 1.36 [0.59-2.24]

NA = Not available; Any outcome with cell sizes less than 11 cannot be disclosed in accordance with data use agreement
and were therefore not presented (chorioamnionitis, postpartum hemorrhage, stillbirth, infant malformation)

Discussion

Using two large administrative databases, we found that women with MS had an increased risk of
infections in pregnancy and preterm delivery. Women with MS were also more likely to deliver via
Caesarean delivery, although this association was largely explained by basic demographic conditions.
Relapses in the year prior to delivery were not strongly associated with outcomes.

Previous studies have found increased urinary tract infections in women with MS®”""® however
less was known about other infections. Here, women with MS had an increased risk of all infection
subtypes except influenza. While possible that women with MS have higher reported infections due to
their increased likelihood to see a physician (surveillance bias), the mean number of health service
visits in pregnancy even for women without MS was quite high (10 visits) and thus this explanation
likely does not completely account for the results. Further, surveillance bias is unlikely to extend to
infections requiring hospitalization. Indeed, the risk ratio of hospitalized infections remained

increased although confidence intervals overlapped the null.
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While women with MS had a higher risk of Caesarean delivery than women without MS in the
NIS, in Truven the results were close to the null after adjustment. A selection of more severe cases at
delivery in the NIS could explain the inflated risk ratio. When identification of MS was restricted to
delivery hospitalization within Truven as well, the odds ratio was higher but still close to the null
(OR=1.11; MacDonald et al., 2017 abstract presented at Society for Pediatric and Perinatal
Epidemiology’s Annual Meeting, Seattle, June 20, 2017). An alternative explanation is that Truven
does not include a publically insured population as the NIS does. However, restriction of the NIS to
just the commercially insured still resulted in an elevated risk. Finally, confounding by center-level
differences in completeness of MS and pregnancy outcome recording could be more prominent in the
NIS as ascertainment occurred at a single visit (i.e. delivery hospitalization) rather than the full
pregnancy period (like in Truven). Other studies investigating Caesarean delivery in women with MS
have generally found no increased risk’>">"****! and this is consistent with contemporary obstetrical
practice that does not indicate operative delivery for MS itself, and with current results suggesting no
increased risk for conditions that might result in Caesarean delivery (e.g., preeclampsia). Taken
altogether, the difference in the risk ratios for the current study may likely be explained by some
combination of random variability, differences in the population and, potentially, bias induced by
ascertainment of MS and outcomes at the same single visit (delivery hospitalization) in the NIS.

We found a modestly increased risk of preterm delivery, supporting findings from some previous
studies™*”° but not all.” ™*"""® Like other works,"” the estimate was further reduced after adjusting
for chronic conditions, suggesting that at least part of the association may be explained by the
tendency for women with MS to have higher risks of other preterm delivery-related conditions (e.g.
diabetes, hypertension).

6,12,78 .
h>"~"® nor infant

As in previous work, women with MS did not have an increased risk of stillbirt
malformations.'**"*7*7® Fewer studies have addressed the risks for poor fetal growth, postpartum
hemorrhage, and chorioamnionitis. Based on the current findings, a substantial increased risk is
unlikely.

Our study replicated the well-known pattern of declining relapses in pregnancy followed by

an increase after delivery.>'* We found women with more active disease did not have a substantial
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increased risk for the pregnancy outcomes, which is reassuring. We are unaware of another study that
has examined the relationship between disease activity and risk of pregnancy outcomes. However two
studies found women with more severe disability were at an increased risk for Caesarean delivery,”
assisted vaginal delivery,” and labor induction.”,

The current study had limitations. First, with claims data, misclassification is inevitable.
However, two studies in other administrative databases’™® have assessed misclassification of the MS
code in addition to other markers of the disease (e.g. prescriptions) and found high sensitivity (93%)
and positive predictive value (81-92%). In the NIS, ascertainment of both MS and the pregnancy
outcomes occurred at the delivery hospitalization, and thus differential misclassification is possible if
some centers have more complete recording of MS and pregnancy outcomes than other centers.
However, differential misclassification of MS was minimized in Truven, as disease status and activity
was recorded during the pregnancy period, before the delivery outcomes had occurred. Second, since
ICD-9-CM codes do not divide MS diagnosis by subtype, we were unable to restrict our analysis to
only relapsing-remitting cases. However with 85% of new patients being diagnosed as relapsing-
remitting” we do not expect a large proportion to have other subtypes and thus the impact is likely
small.

The largest strength of the study was the use of two large complimentary datasets. The NIS
was a representative sample of discharges in community hospitals across the US, allowing us to
generate estimates of pregnancy outcome risks that are generalizable to the wider US population. As
well, the NIS provided rich demographic data, enabling us to assess confounding by
sociodemographic factors beyond the factors controlled for in Truven. On the other end, the Truven
longitudinal database allowed improved disease and outcome ascertainment with inpatient and
outpatient linkage across patients. Together, with over five million pregnancies, we examined the
risks for rare outcomes (e.g. chorioamnionitis, postpartum hemorrhage) that previous studies have
been unable to assess.

Altogether, our study suggests that women with MS may be at a moderately increased risk for
infections during pregnancy and preterm delivery as compared to coetaneous women without MS,

however their risk for other adverse pregnancy outcomes was not elevated.
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Appendix A. Codes used to Identify Maternal Characteristics, Chronic Conditions, and Outcomes

Characteristic, Condition, or ~ Codes®
Outcome

Multiple Sclerosis 340.xx
Previous Caesarean Delivery  654.2x

Multi-fetal pregnancies
Pre-existing Diabetes
Mellitus

Chronic Renal Disease

Pre-existing Hypertension
Asthma

Thyroid Disorders
Chronic lower
gastrointestinal conditions
Alcohol/ Substance Abuse

Depression

Bipolar Disorder
Anxiety Disorders
Infections

Otits Media

Upper Respiratory Tract

Lower Respiratory Tract

Influenza
Gastroenteritis

V27.2x — V27.7x, 651.xx
250.xx, 648.0x

581.xx-583.xx, 585.xx, 587.xx, 588.x, 646.2x

401.xx-405.xx, 642.0x-642.2x, 642.7x
493 .x
240.x-246.x, 648.1x

555.xx, 556.xx, 564.1x

291.xx, 292 .xx, 303.xx, 304.xx, 305.0%, 305.2x-305.9x%, 357.5x%,
425.5x%, 571.0x — 571.3x, 648.3x, 655.5x, 965.0x, E860.0, V11.3
296.2x, 296.3x, 300.4x, 311.xx, 298.0x, 309.0x, 309.1x

296.0x, 296.1x, 296.4x, 296.5x, 296.6x, 296.7x, 296.8x, 296.99
293.84, 300.0x, 300.2x, 300.3x, 309.24, 308.0x, 309.81, 313.0x

382.0%, 382.4, 382.9

Streptococcal Sore Throat: 034.0

Nasopharyngitis: 460

Sinusitis: 461.xx

Pharyngitis: 462

Tonsilitis: 463

Laryngitis & Tracheitis: 464.xx

Laryngopharyngitis: 465.0

Unspecified Acute Upper Respiratory Infection: 465.8, 465.9
Pneumonia: 003.22, 055.0, 073.0, 115.05, 115.15, 115.95, 480.x-486,
487.0, 517.1,

Tuberculosis: 011.xx, 647.3x

Other Pulmonary Infections: 031.0, 122.1

Bronchitis & Bronchiolitis: 466.xx, 490

Empyema: 510.x,

Pleursy: 511.0-511.1, 511.9,

Abscess of lung and mediastinum: 513.x

487.x-488.xx

Cholera: 001.xx

Typhoid & Paratyphoid Fever: 002.x

Salmonella: 003.0, 003.8, 003.9

Shigellosis: 004.x

Other food poisoning (bacterial): 005.xx

Acute amebic dysentery without mention of abscess: 006.0
Chronic intestinal amebiasis without mention of abscess: 006.1
Amebic nondysenteric colitis: 006.2

Amebiasis, unspecified: 006.9

Other intestinal infections: 007.x, 008.xx, 009.x
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Appendix A (Continued)

Genitourinary

Sexually Transmitted

Skin and Soft Tissues

Caesarean Delivery

Preterm Delivery

Poor Fetal Growth
Preeclampsia
Chorioamnionitis
Postpartum Hemorrhage
Stillbirth®

Candidiasis: 112.1-112.2

Urinary tract infection: 590.xx, 595.0, 599.0

Vaginitis and Vulvovaginitis: 616.1x

Other Genitourinary Tract Infections 646.6x

Genital Herpes: 054.1x

Human Papillomavirus: 078.11, 079.4, 795.05, 795.09, 795.15
Chlamydia: 078.88, 079.88, 079.98,

Syphillis: 091.xx-097.xx, 647.0x

Gonorrhea: 098.xx, 647.1x

Other venereal diseases: 099.xx, 647.2x,

Trichomoniasis: 131.xx

Erysipelas: 035

Gangrene: 040.0, 785.4

Viral warts: 078.10, 078.12, 078.19

Dermatophytosis & Dermatomycosis: 110.xx, 111.xx

Abscess & Cellulitis: 373.13, 566, 616.4, 681 .xx, 682.x
Cellulitis: 528.3

Infections of Breast: 611.0, 675.xx,

Curbuncle and furuncle: 680.xx

Lymphadenitis: 683

Impetigo: 684

Pilondial Cyst: 685.0

Pyoderma: 686.0x

Other local skin infections: 686.8, 686.9

Infective myositis: 728.0

Necrotizing fascilitis: 728.86

Wound infection: 985.3

Infection of Amputation stump: 997.62,

Post-operative infection: 998.51, 998.59

669.7x, 74.0-74.2, 74.4, 74.99; Current Procedural Terminology: b
59510, 59514, 59515

362.20, 362.22-362.27, 644.2x, 651.0x-651.2x, 651.8x-651.9x%,
662.3x, 765.0x-765.1x, 765.21-765.28, 776.6, V27.2-V27.7, V31.xx-
V37.xx, V91.xx; Current Procedural Terminology: " 00836, 49491-
49492 67229; Diagnosis Related Group: 790-792

656.5x, 764.0x, 764.1x, 764.9x

642.4x-642.7x

658.4x, 659.3x

666.0x-666.3x

646.01, 651.31, 651.41, 651.51, 651.61, 656.40, 656.41, V27.1,
V27.3-V27.7, V32.xx, V35.xx, V36.xx

# International Statistical Classification of Diseases, Ninth Revision, Clinical Modification codes unless otherwise indicated
® Current Procedural Terminology codes only available in Truven Health MarketScan® Database
¢ Stillbirth variable underwent additional cleaning steps in the Truven Health MarketScan® Database

56



Appendix B. Maternal Characteristics of Women Included and Excluded (Truven Health
MarketScan® Commercial Claims & Encounters Database, 2011-2015)

Maternal Characteristics Ascertained

Women Included

Women Excluded (N=728,337)

at Delivery” (N=1,102,604)
Age at Delivery, years (SD) 303£5.6 29.6 5.4
Year of Delivery
2011 5,321 (0.5%) 171,430 (24%)
2012 374,645 (34%) 169,944 (23%)
2013 284,019 (26%) 147,857 (20%)
2014 286,750 (26%) 173,262 (24%)
2015 151,869 (14%) 65,844 (9%)
Region
Northeast 199,288 (18%) 129,788 (18%)
North Central 243,268 (22%) 160,492 (22%)
South 404,576 (37%) 269,358 (37%)
West 243268 (21%) 152,307 (21%)
Unknown 22,858 (2%) 16,392 (2%)
Previous Caesarean Delivery 198,749 (18%) 118,017 (16%)
Multi-fetal Pregnancies 28,744 (3%) 14,916 (2%)
Pre-existing Diabetes Mellitus 17,024 (2%) 10,101 (1%)
Chronic Renal Disease 3,320 (0.3%) 2,024 (0.3%)
Pre-existing Hypertension 40,530 (4%) 23,471 (3%)
Asthma 26,248 (2%) 17,229 (2%)

Thyroid Disorders

Chronic lower GI conditions
Alcohol/ Substance Abuse
Depression

Bipolar Disorder

Anxiety Disorders

46,468 (4%)
3,915 (0.4%)
4,074 (0.4%)
15,564 (1%)
2,143 (0.2%)
13,678 (1%)

27,522 (4%)
2,231 (0.3%)
3,034 (0.4%)
10,996 (1%)
1,561 (0.2%)

8,883 (1%)

GI= Gastrointestinal

* OQutcomes are not mutually exclusive.
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Appendix C. Risk Ratios and 95% Confidence Intervals of Pregnancy Outcomes by Multiple
Sclerosis Status (Truven Health Marketscan® Commercial Claims & Encounters Database, 201 1-

2015; Nationwide Inpatient Sample, 2007-2011)

Truven Health Marketscan® Commercial Claims & Nationwide Inpatient Sample, Private Insurance
Encounters Database

Pregnancy Outcomes

Unadjusted Model 1 Model 2 Unadjusted Model 1 Model 2 Model 3

Caesarean Delivery 1.12[L.05-1.19] 1.04[0.97-1.11] 102 [0.96-1.08] | 1.28 [1.22-1.34] 1.16[1.09-1.22] 1.14[1.08-1.20] 1.14[1.08-1.20]
Preterm Delivery (overall) 127[1.12-144]  1.19[1.04-135] 1.13[0.99-1.28] | 132 [1.17-1.49] 130[1.16-1.44] 124[1.11-137] 123[1.10-1.37]
Among vaginal deliveries 126 [1.00-1.54] 121[0.98-147] 1.17[0.90-1.40] | 1.24 [1.02-1.47] 130[1.08-1.55] 125[1.03-1.50]  1.24[1.01-1.46]

Among Caesarean deliveries 1.21[1.02-1.43]  1.16[0.96-138] 1.10[0.92-1.30] | 1.24[1.05-1.43] 1.21[1.02-1.39] 1.18[0.99-136]  1.16 [0.97-1.36]

Poor Fetal Growth 1.01[0.84-1.18]  1.03[0.87-1.19]  1.00 [0.84-1.16] | 1.14[0.85-1.44] 123[0.94-1.54] 1.17[0.89-1.50]  1.15[0.89-1.46]
Preeclampsia 0.98 [0.76-1.22]  0.98[0.77-1.23]  0.86 [0.67-1.04] | 0.99 [0.80-1.19] 1.00[0.80-1.19]  0.93 [0.75-1.13]  0.93[0.75-1.13]
Chorioamnionitis 0.94[0.70-1.20]  0.98[0.75-1.30]  0.96 [0.69-1.26] | 0.79[0.52-1.08] 0.89[0.59-1.20] 0.88[0.58-1.20]  0.94[0.61-1.25]
Postpartum Hemorrhage 0.66 [0.38-0.99]  0.67[0.41-0.95]  0.67[0.37-0.98] | 1.18[0.92-1.48] 1.20[0.93-1.50] 1.18[0.94-1.45]  1.20[0.96-1.48]
Stillbirth 0.86[0.24-1.50]  0.82[0.23-1.52]  0.79[0.24-1.39] | 0.98 [0.52-1.53] 0.96[0.50-1.48] 0.92[0.49-1.35]  0.91[0.49-1.44]
Infant Malformations* 0.87[0.59-1.14]  0.85[0.59-1.12]  0.84 [0.57-1.13] NA NA NA NA

NA = Not available

Model 1: Adjusted for year, age, region at delivery, insurance type (private vs. public; Nationwide Inpatient Sample only)
Model 2: Adjusted for year, age, region at delivery, insurance type (private vs. public; Nationwide Inpatient Sample only),
pre-existing diabetes, chronic renal disease, pre-existing hypertension, asthma, thyroid disorders, depression, substance
abuse

Model 3: Adjusted for year, age, region at delivery, insurance type (private vs. public; Nationwide Inpatient Sample only),
pre-existing diabetes, chronic renal disease, pre-existing hypertension, asthma, thyroid disorders, depression, substance
abuse, location of hospital at delivery, race, quartile of median household income for patient’s zip code

* In a sub-cohort of women with continuous enrollment in the 30 days after delivery and a linked infant with continuous
enrollment in the 90 days after delivery or evidence of neonatal death (n=902 women with MS; n=604,808 women without
MS)
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Abstract

Background: Despite recommendations of no use in pregnancy, women with multiple sclerosis (MS)
may continue to use disease modifying therapies (DMTs) throughout pregnancy.

Objective: To describe dispensing patterns and comparative safety of DMTs during pregnancy in
women with MS.

Methods: We identified pregnancies from the Truven Health Marketscan® Commercial Claims and
Encounters Database (2011-2015) and ascertained MS before delivery from inpatient and outpatient
claims. We computed the proportion of women with DMT dispensing claims around pregnancy and
estimated risk ratios of spontaneous abortion, infections, Caesarean delivery, preterm delivery, poor
fetal growth, preeclampsia, and major structural malformations by DMT exposure.

Results: Of 984,058 pregnancies, 1,649 were to women with MS. 35% of women with MS were
exposed to a DMT in the 90 days before pregnancy. DMT use declined during pregnancy but
increased again after delivery. Glatiramer acetate and interferon beta were most commonly dispensed.
Women with and without early DMT exposure had similar risks of outcomes to one another and to
women without MS.

Conclusion: Approximately one third of commercially insured women with MS in the US use DMTs
before conception. Women who did and did not use DMTs early in pregnancy had a similar risk of

adverse pregnancy outcomes.
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Introduction
New medications often enter the market without data on their safety in pregnant women. For
multiple sclerosis (MS), many of the existing therapies lack sufficient research on their effects on the

developing fetus and mother®*****°

and none are officially approved for use during gestation. For
newer disease modifying therapies (DMTs; e.g. fingolimod, teriflunomide, mitoxantrone), animal
studies have suggested an increased risk of birth defects, and so a washout period before conception is

6,93-95
recommended.®**”’

However, for some older DMTs (e.g. glatiramer acetate, interferon beta) no
safety concerns have arisen and these medications are now often continued through all or part of the
pregnancy in women with more active disease.”””” > Given that clinical practice for some
medications is diverging from official recommendations, as well as the fact that 45% of pregnancies
in the United States are unplanned’®, many pregnant women with MS may be exposed to DMTs.
However, due to the relatively low prevalence of MS in pregnancy, few studies have adequately
described dispensing patterns and safety of DMTs in this special patient population.

Here we describe the patterns of DMT dispensing in pregnant women with MS, and estimate
their comparative safety. Understanding patterns and risks of DMT utilization during pregnancy in

women with MS is critical for prioritizing research and informing future study designs on DMT

safety.

Methods

Using the Truven Health Marketscan® Commercial Claims and Encounters Database, we
identified a cohort of pregnant women ages 12-55 with a spontaneous abortion, livebirth, or stillbirth
delivery between May 1, 2011 and September 30, 2015. Pregnancy type was determined using
International Classification of Disease 9 Current Modification (ICD-9-CM) and Current Procedural
Terminology (CPT) codes. Codes indicating gestational age at birth were ascertained at delivery and
in the 30 days post-delivery in the maternal and, where available, infant claims. We calculated the
first day of the last menstrual period (LMP) by subtracting estimated gestational age from the delivery

or spontaneous abortion date. We required women to have continuous medical and prescription
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coverage from at least 90 days before the estimated LMP date until 90 days after pregnancy end date.
MS was defined as the ICD-9-CM code 340.xx recorded on at least two separate days in the inpatient

or outpatient claims before the pregnancy end date.

We searched the generic names of the prescription claims dataset and the inpatient and
outpatient procedures for the following DMTs: adalimumab, alemtuzumab, azathioprine, daclizumab,
dimethyl fumarate, etanercept, fingolimod hydrochloride, glatiramer acetate, interferon beta,
infliximab, leflunomide, mitoxantrone, mycophenolate mofetil, natalizumab, rituximab, and
teriflunomide. We described DMT dispensing in approximate 90-day intervals: (1) Pre-Pregnancy
Trimester ((LMP-90 days] — [LMP-1 day]) (2) Trimester 1 (LMP — [LMP-+90 days]) (3) Trimester 2
([LMP+91 days] — [LMP+180 days]) (4) Trimester 3 ([LMP+181 days] — [Pregnancy End]) (5)

Postpartum Trimester ([Pregnancy End +1 day] — [Pregnancy End + 90 days]).

We classified pregnancies as ‘exposed’ if the women received at least one prescription in the
pre-pregnancy trimester. Maternal characteristics and pregnancy outcomes were described by MS and
pre-pregnancy DMT exposure using [CD-9-CM and CPT codes (Appendix A). Outcomes included
spontaneous abortion, infections in pregnancy, Caesarean delivery, preterm delivery, poor fetal
growth, preeclampsia, and major structural malformations in linked infants. Due to small sample size

(<11) we could not assess the risk of stillbirths.

We estimated the risk ratios (RR) of pregnancy outcomes for exposed vs. unexposed women
using the predicted values from a logistic regression model standardized by maternal age, delivery
region, year of delivery, and pre-pregnancy relapses. We used nonparametric bootstrap with 500
samples to calculate 95% confidence intervals. All statistical analyses were conducted using SAS

Enterprise Guide version 6.1 (SAS Institute Inc).

Results
Of 984,058 pregnancies, 1,649 (0.17%) had MS. Pregnant women with MS were, on average,

3 years older and had more chronic conditions than women without MS (Table 4.1).
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Table 4.1 Maternal Characteristics by Multiple Sclerosis and Disease Modifying Therapy Exposure

Multiple Sclerosis

Pre-Pregnancy No Pre-Pregnancy No Multiple
DMT Exposure DMT Exposure Sclerosis
Demographic Characteristics (N=574) (N=1,075) (N=982.,409)
Age at Delivery, years (SD) 33.1 (4.8) 33.2(5.0) 30.7 (5.8)
Year of Delivery
2011 27 (5%) 43 (4%) 43,004 (4%)
2012 177 (31%) 297 (28%) 323,606 (33%)
2013 138 (24%) 315 (29%) 261,588 (27%)
2014 161 (28%) 313 (29%) 246,752 (25%)
2015 71 (12%) 107 (10%) 107,459 (11%)
Region
Northeast 1118 (21%) 284 (26%) 171,301 (17%)
North Central 105 (18%) 222 (21%) 219,705 (22%)
South 230 (40%) 346 (32%) 30,504 (38%)
West 117 (20%) 215 (20%) 205,084 (21%)
Previous Caesarean Delivery 94 (16%) 193 (18%) 142,964 (15%)
Multi-fetal Pregnancy 19 (3%) 27 (3%) 27,037 (3%)
Pre-existing Diabetes Mellitus 28 (5%) 46 (4%) 38,111 (4%)
Pre-existing Hypertension 52 (9%) 91 (8%) 60,914 (6%)
Asthma 33 (6%) 64 (6%) 47,514 (5%)
Thyroid Disorders 62 (11%) 142 (13%) 87,440 (9%)
Alcohol/ Substance Abuse 36 (6%) 53 (5%) 17,034 (2%)
Depression 72 (13%) 100 (9%) 53,014 (5%)
Anxiety Disorders 64 (11%) 103 (10%) 57,855 (6%)
Pre-Pregnancy Oral Contraceptive
Dispensing 95 (17%) 113 (10%) 113,025 (12%)
Pre-Pregnancy Relapse 48 (8%) 95 (9%) NA

DMT = Disease Modifying Therapy

Pre-Pregnancy = 90 days before the first day of the last menstrual period until one day before the first day of the last

menstrual period

In women with MS, 574 (35%) pregnancies were exposed to at least one DMT in the pre-

pregnancy trimester. Those exposed to pre-pregnancy DMTs had a similar prevalence of most chronic

conditions than unexposed women. However, exposed women were more likely to use oral

contraceptives before pregnancy.

DMT dispensing declined in pregnancy (live and stillbirths: 23% trimester 1; 5% trimester 2;

7% trimester 3; Figure 4.1), followed by a sharp uptake after delivery (30%). Glatiramer acetate was

the most commonly dispensed DMT (17% pre-pregnancy trimester), followed by interferon beta

(11%), and natalizumab (4%). Dimethyl fumarate had low dispensing before pregnancy (0.9%)

however use was higher postpartum (4%). The remaining DMTs were used in less than eleven women
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each (Appendix B). Pregnancies ending in spontaneous abortions had a similar pattern of dispensing

as live and stillbirth pregnancies.

mAny Drug  OGlatiramer Acetate  Olinterferon Beta Natalizumab ~ BFingolimod Hydrochloride 0 Dimethyl Fumarate

A, 40%
35%
30%
25%
20%
15% )
10%
5% =
o e [ | R
1-90 Days before Pregnancy Trimester 1 Trimester 2 Trimester 3 1-90 Days after Delivery
B. 40%
35%
30%
25%
20%
15% )
10%
5% % B
0% o
1-80 Days before Pregnancy Trimester 1 1-90 Days after Delivery

Figure 4.1 Disease Modifying Therapy Dispensing around Pregnancy in (A) Livebirth and Stillbirth

Pregnancies (n=1,258) and (B) Spontaneous Abortion Pregnancies (n=404; 2011-2015)

Women exposed to DMTs pre-pregnancy had similar risks of the measured outcomes as
unexposed women (Table 4.2). Risk ratios ranged from 0.8 to 1.5 with most confidence intervals
overlapping the null. Genitourinary and upper respiratory infections in pregnancy were more common
in women with MS (both DMT exposed and unexposed) as compared with women without MS. Note

that use of the first trimester as the exposure window gave similar results.
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Table 4.2. Prevalence of Pregnancy Outcomes in Women Early Disease Modifying Therapy
Exposure

Multiple Sclerosis

Pre- No Pre- No Multiple
Pregnancy  Pregnancy Sclerosis
DMT DMT Risk Ratio®
Outcome  Exposure  Exposure [95% CI]

Among all pregnancies”
Spontaneous Abortion 145 (25%) 246 (23%) 1.09 [0.90-1.31] 222,042 (23%)

Among women delivering live or stillborn infants®

Genitourinary Infection 157 (37%) 262 (32%) 1.17[0.99-1.39] 205,733 (27%)

Upper Respiratory Tract Infection 126 (29%) 246 (30%) 1.01 [0.84-1.18] 178,070 (23%)
Lower Respiratory Tract Infection 27 (6%) 61 (7%) 0.84 [0.53-1.31] 40,499 (5%)
Sexually Transmitted Infection 21 (5%) 35 (4%) 1.2210.64-1.99] 34,445 (5%)
Skin and Soft Tissue Infection 26 (6%) 58 (7%) 0.85[0.55-1.29] 40,390 (5%)
Caesarean Delivery 185 (43%) 308 (37%) 1.15[1.00-1.34] 269,174 (35%)

Preterm Delivery 64 (15%) 97 (12%) 1.2210.92-1.68] 78,837 (10%)

Poor Fetal Growth 39 (9%) 86 (10%) 0.93 [0.62-1.29] 66,428 (9%)

Preeclampsia 20 (5%) 43 (5%) 0.88 [0.48-1.45] 37,671 (5%)

Among women with linked infants®

Major Malformation  14(5%) 19 (3%) 1.49 [0.70-3.01] 21,569 (4%)

DMT = Disease Modifying Therapy; Pre-Pregnancy = 90 days before the first day of the last menstrual period until one day
before the first day of the last menstrual period; CI = Confidence Interval

*Risk ratio among women with multiple sclerosis, comparing those with pre-pregnancy DMT exposure to those without pre-
pregnancy DMT exposure. Adjusted for maternal age, region, year of delivery, and pre-pregnancy relapses

°n=574 women with pre-pregnancy DMT exposure, n=1,074 women with no pre-pregnancy DMT exposure, n=982,409
women with no multiple sclerosis

°n=429 women with pre-pregnancy DMT exposure, n=829 women with no pre-pregnancy DMT exposure, n=760,367
women with no multiple sclerosis

4 =304 women with pre-pregnancy DMT exposure, n=595 women with no pre-pregnancy DMT exposure, n=488,196
women with no multiple sclerosis

Discussion

In a cohort of approximately one million pregnant women, we identified 1,649 women with
MS. DMT prevalence was 35% before pregnancy, dropped during pregnancy, and rose to pre-
pregnancy levels in the post-partum. Whether this pattern is due to a hesitancy of physicians to
prescribe, patients to fill the prescription, or related to the well-established decline of disease activity
in pregnancy® is unclear. Elements of all three explanations are likely involved.

The most commonly dispensed therapies, glatiramer acetate and interferon beta, are
(,2093-95

recommended for use until a pregnancy is confirmed and continued only if strongly indicate

Natalizumab, used in 4% of our cohort pre-pregnancy, is prescribed to patients with more active or
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refractory disease.”* Again, use in pregnancy is not recommended but is tolerated in cases of
refractory disease.”””>** Given these recommendations, it is likely that women using DMTs during
pregnancy represented those with more severe disease. Thus, confounding by disease severity is a
concern when estimating the effect of DMTs on adverse outcomes.”” This concern is allayed by the
similar prevalence of chronic conditions between the exposure groups and more pre-pregnancy oral
contraceptive use in exposed women, suggesting more unintended pregnancies in this group. Despite
the possibility for confounding, most outcomes had a similar risk in women with and without early
DMT exposure, indicating that any adverse effect is likely minimal.

Previous studies assessing safety of DMTs overall and by individual drug types have

19,76,92,95,97 5,20,76,98-100

generally found no increased risk of spontaneous abortion and preterm delivery.
While studies are limited by sample size (most <100 exposed patients), prior findings have not
indicated strong teratogenic effects.'”’ Similarly, despite our relatively large sample size, we were not
able to assess the individual safety of each DMT, nor adequately control for confounding by
indication. Recent exposure pregnancy registries have failed to enrol enough pregnant women with
MS on new medications (US Foods & Drug Administration Pregnancy Exposure Registries,
https://www.fda.gov/ScienceResearch/Special Topics/WomensHealthResearch/ucm134848.htm).

Accumulating evidence suggests the need for international collaborations among multiple large health

care databases to identify pregnant women with MS on any individual DMT.

In summary, we have shown that nearly 35% of commercially-insured women with MS in the
US are exposed to DMTs before pregnancy, that most stop medication early in pregnancy, and
dispensing resumes to pre-pregnancy levels upon pregnancy completion. We found similar risks of
adverse pregnancy outcomes in users and nonusers of DMTs before pregnancy, but future studies on

larger sample sizes are needed to evaluate the safety of specific DMTs.
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Appendix A. Codes, Sample Size, and Ascertainment Window for Maternal Characteristics and

Outcomes
Characteristic or Eligible Ascertainment Window  Codes”
Outcome Pregnancies
Age All pregnancies, Delivery period Variable directly available in the dataset
n=984,058
Year of Delivery All pregnancies, Delivery period Variable directly available in the dataset
n=984,058
Region of Delivery  All pregnancies, Delivery period Variable directly available in the dataset
n=984,058
Previous Caesarean  All pregnancies, Pre-pregnancy & 654.2x
Delivery n=984,058 pregnancy periods
Multi-fetal All pregnancies, Pre-pregnancy & V27.2x - V27.7x, 651.xx
pregnancies n=984,058 pregnancy periods
Pre-existing All pregnancies, Pre-pregnancy & 250.xx, 648.0x
Diabetes Mellitus n=984,058 pregnancy periods
Pre-existing All pregnancies, Pre-pregnancy & 401.xx-405.xx, 642.0x-642.2x, 642.7x
Hypertension n=984,058 pregnancy periods
Asthma All pregnancies, Pre-pregnancy & 493 x
n=984,058 pregnancy periods
Thyroid Disorders ~ All pregnancies, Pre-pregnancy & 240.x-246.x, 648.1x
n=984,058 pregnancy periods
Alcohol/ Substance  All pregnancies, Pre-pregnancy & 291.xx, 292.xx, 303.xx, 304.xx, 305.0x,
Abuse n=984,058 pregnancy periods 305.2x-305.9%, 357.5x, 425.5x%, 571.0x
—571.3%, 648.3x, 655.5%, 965.0x,
E860.0, V11.3,
Depression All pregnancies, Pre-pregnancy & 296.2x, 296.3x, 300.4x, 311.xx, 298.0x,

n=984,058 pregnancy periods 309.0x, 309.1x

Anxiety Disorders  All pregnancies, Pre-pregnancy & 293.84, 300.0x, 300.2x, 300.3x, 309.24,
n=984,058 pregnancy periods 308.0x, 309.81, 313.0x

Dispensing of oral ~ All pregnancies, Pre-pregnancy period “Oral Contraceptives” class in the

contraceptives n=984,058 prescription dataset

Multiple Sclerosis  All multiple Pre-pregnancy period Either (1) An inpatient admission

Relapse sclerosis (excluding the delivery admission) with
pregnancies, Multiple Sclerosis (340.xx) as the
n=1,662 primary diagnosis or (2) An outpatient

admission with Multiple Sclerosis as the
primary or secondary diagnosis plus a
corticosteroid (methylprednisolone,
dexamethasone, prednisone,
prednisolone, adenocorticotropic
hormone) prescription or procedure
code (HCPCS procedure codes: J1020,
J1030, J1040, J2920, 2930, J8540,
J1094, J1100, J7506) in the 7 days after
the outpatient claim

Upper Respiratory
Tract Infections

Pregnancies ending  Pregnancy period
in Live or
Stillbirths,
n=761,625
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Streptococcal Sore Throat: 034.0
Nasopharyngitis: 460

Sinusitis: 461.xx

Pharyngitis: 462

Tonsilitis: 463

Laryngitis & Tracheitis: 464.xx
Laryngopharyngitis: 465.0
Unspecified Acute Upper Respiratory
Infection: 465.8, 465.9



Appendix A (Continued)

Lower Respiratory ~ Pregnancies ending  Pregnancy period Pneumonia: 003.22, 055.0, 073.0,
Tract Infections in Live or 115.05, 115.15, 115.95, 480.x-486,
Stillbirths, 487.0, 517.1,
n=761,625 Tuberculosis: 011.xx, 647.3x
Other Pulmonary Infections: 031.0,
122.1
Bronchitis & Bronchiolitis: 466.xx, 490
Empyema: 510.x,
Pleursy: 511.0-511.1, 511.9,
Abscess of lung and mediastinum:
513.x
Genitourinary Pregnancies ending  Pregnancy period Candidiasis: 112.1-112.2
Infections in Live or Urinary tract infection: 590.xx, 595.0,
Stillbirths, 599.0
n=761,625 Vaginitis and Vulvovaginitis: 616.1x
Other Genitourinary Tract Infections
646.6x
Sexually Pregnancies ending  Pregnancy period Genital Herpes: 054.1x
Transmitted in Live or Human Papillomavirus: 078.11, 079.4,
Infections Stillbirths, 795.05, 795.09, 795.15
n=761,625 Chlamydia: 078.88, 079.88, 079.98,
Syphillis: 091.xx-097.xx, 647.0x
Gonorrhea: 098.xx, 647.1x
Other venereal diseases: 099.xx, 647.2x,
Trichomoniasis: 131.xx
Skin and Soft Pregnancies ending  Pregnancy period Erysipelas: 035

Tissues Infections

in Live or
Stillbirths,
n=761,625

Gangrene: 040.0, 785.4

Viral warts: 078.10, 078.12, 078.19
Dermatophytosis & Dermatomycosis:
110.xx, 111.xx

Abscess & Cellulitis: 373.13, 566,
616.4, 681.xx, 682.x

Cellulitis: 528.3

Infections of Breast: 611.0, 675.xx,
Curbuncle and furuncle: 680.xx
Lymphadenitis: 683

Impetigo: 684

Pilondial Cyst: 685.0

Pyoderma: 686.0x

Other local skin infections: 686.8, 686.9
Infective myositis: 728.0

Necrotizing fascilitis: 728.86

Wound infection: 985.3

Infection of Amputation stump: 997.62,
Post-operative infection: 998.51, 998.59

Caesarean Delivery Pregnancies ending  Delivery period 669.7x, 74.0-74.2, 74.4, 74.99; Current
in Live or Procedural Terminology: ” 59510,
Stillbirths, 59514, 59515
n=761,625

Preterm Delivery Pregnancies ending  Delivery until a 362.20, 362.22-362.27, 644.2x, 651.0x-
in Live or maximum of 30 days 651.2x, 651.8x-651.9%, 662.3x, 765.0x-
Stillbirths, after delivery in mom 765.1x, 765.21-765.28, 776.6, V27.2-
n=761,625 or linked infant records ~ V27.7, V31.xx-V37.xx, V91.xx;

Current Procedural Terminology:
00836, 49491-49492 67229; Diagnosis
Related Group: 790-792
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Poor Fetal Growth ~ Pregnancies ending  Up to 30 days before 656.5x%, 764.0x, 764.1%x, 764.9x
in Live or the delivery date until
Stillbirths, end of delivery period
n=761,625
Preeclampsia Pregnancies ending  Up to 30 days before 642.4x-642.7x
in Live or the delivery date until
Stillbirths, end of delivery period
n=761,625 in inpatient data.

Exception: codes
occurring in outpatient
data during the delivery
period

Major Structural
Malformations

Among pregnancies
with linked infants
continuously
enrolled from
delivery until 90
days after delivery
OR in infants with
evidence of death
(ascertained in the
first 30 days of the
maternal record and
the first 90 days of
the infant record
[ICD-9-CM Codes:
768.0x, 768.1x,
798.0x-798.2x,
798.9x, 656.4x or
discharge status of
“died”]),
n=489,095

Infant records in the
first 90 days after
delivery and maternal
records in the first 30
days after delivery

As described previously (Huybrechts et
al., 2016)

# International Statistical Classification of Diseases, Ninth Revision, Clinical Modification codes assessed in maternal
records unless otherwise indicated
Pre-Pregnancy = 90 days before the first day of the last menstrual period until one day before the first day of the last

menstrual period

Pregnancy period = First date of last menstrual period until end of pregnancy date
Delivery period = Delivery hospital admission or, for outpatient deliveries, date of first delivery-related code until date of
last delivery-related code
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Appendix B. Disease Modifying Medication Use by Product Name in Women Delivering Live or
Stillbirth Infants (Truven Health MarketScan® Commercial Claims and Encounters Database, 2011-
2015, USA, N=1,649)

Pre- Pregnancy  Postpartum

Pregnancy

COPAXONE, Glatiramer Acetate 285 (17%) 225 (14%) 227 (14%)
REBIF or REBIF REBIDOSE or REBIF REBIDOSE

TITRATION PACK, Interferon Beta-1a 72 (44) 34 G%) 33 G%)
AVONEX or AVONEX PEN, Interferon Beta-1a 74 (4%) 45 (3%) 49 (3%)
In-clinic injection (1 mcg), Natalizumab 56 3%) 39 (2%) 54 (3%)
TECFIDERA, Dimethyl Fumarate 21 (1%) 19 (1%) 65 (4%)
BETASERON, Interferon Beta-1b 37 2%) 19 (1%) 13 (1%)
GILENYA, Fingolimod Hydrochloride 16 (1%) 18 (1%) 25 (2%)
HUMIRA, Adalimumab 0 <11 <11
AZATHIOPRINE <11 <11 <11
In-clinic injection (11 or 30 mcg), Interferon Beta-1a <11 <11 <11
MYCOPHENOLATE MOFETIL <11 <11 <11
TYSABRI, Natalizumab <11 <11 <11
In-clinic injection (100mg), Rituximab <11 <11 <11
AUBAGIO, Teriflunomide <11 <11 <11
PLEGRIDY PEN or PLEGRIDY PEN STARTER
PACK, Interferon Beta-1a 0 <t =
EXTAVIA, Interferon Beta-1b <11 0 <11
GLATOPA, Glatiramer Acetate 0 0 <11
In-clinic infection (20 mg), Glatiramer Acetate <11 0 0
LEFLUNOMIDE <11 0 0
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