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ABSTRACT

Objective: To compare the duration of birth hospitalization in mothers with multiple sclerosis (MS) and
their newborns relative to the general population and to investigate the impact of MS-related clinical
factors on the length of birth hospitalization stays.

Methods: Data from the British Columbia Perinatal Database Registry and the British Columbia MS
databasewere linked in this retrospective cohort study. The duration of birth hospitalization inmothers
with MS and their newborns (n 5 432) were compared with a frequency-matched sample of the
general population (n 5 2,975) from 1998 to 2009. Clinical factors investigated included disease
duration and disability, as measured by the Expanded Disability Status Scale. A multivariable model
(generalized estimating equations) was used to analyze the association between MS and duration of
birth hospitalization, adjusting for factors such as maternal age, diabetes, hypertension, and consec-
utive births to the same mother. Additional analyses included propensity score matching to further
balance cohort characteristics.

Results: Compared with the general population, the duration of birth hospitalization was not statisti-
cally or clinically different for mothers with MS or their newborns (median differences 5 11.5 and
12.1 hours, respectively; adjusted p . 0.4). Lengths of birth hospitalization were not significantly
associated with disease duration (adjusted p . 0.7) or level of disability (adjusted p . 0.5). Findings
remained virtually unchanged after propensity score matching.

Conclusions: Birth hospitalization has been understudied in womenwithMS. Contrary to existing stud-
ies, we found that MSwas not associated with a longer birth hospitalization. This study provides assur-
ance to expectant mothers with MS, their families, and health care providers. Neurology� 2013;80:447–

452

GLOSSARY
BC5 British Columbia; BCMS5 British ColumbiaMultiple Sclerosis; BCPDR5British Columbia Perinatal Database Registry;
BMI 5 body mass index; CI 5 confidence interval; EDSS 5 Expanded Disability Status Scale; ICD 5 International Classifi-
cation of Diseases; MS 5 multiple sclerosis; NICU 5 neonatal intensive care unit; PS 5 propensity score.

Multiple sclerosis (MS) is a chronic degenerative disease of the CNS, often manifesting in women of
childbearing age.1 Fatigue and pelvic organ dysfunction are common,2 which may cause difficult
labor and prolonged birth hospitalization. MS has been associated with a greater risk of difficult
labor,3 assisted vaginal delivery,3 cesarean delivery,4 as well as impaired fetal growth and prematu-
rity.3–6 Although not all agree, more recent studies found no link between MS and adverse perinatal
outcomes.7–10 However, the durations of birth hospitalization were not examined in these studies.
To our knowledge, only 2 studies have examined birth hospitalization inMS4,11; both were from the
United States and reported longer hospital stays for mothers with MS4,11 and their newborns11

compared with the general population. Prolonged stays can have negative consequences, including
an increased risk of hospital-acquired infection as well as creating a strain on scarce health care
resources.12 By linking 2 comprehensive population databases, the British Columbia Multiple
Sclerosis (BCMS) database and the British Columbia Perinatal Database Registry (BCPDR), we
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set out to validate earlier observations regarding
the length of birth hospitalization for mothers
with MS and their newborns, relative to the
general population, as well as explore any asso-
ciation with MS clinical factors.

METHODS Data sources. The BCMS database contains clinical

data collected since September 1980 (when the first British Columbia

[BC] MS clinic opened) for an estimated 80% of MS patients in

BC.13,14 MS specialist neurologists generated the data for this study,

which were collected from 4 MS clinics in BC (Kelowna, Prince

George, Vancouver, and Victoria). The BCPDR, a province-wide

database overseen by Perinatal Services BC, contains pregnancy data

recorded at prenatal visits as well as at the time of birth. Data collection

began in 1994 with full provincial coverage established in April 2000.

The BCPDR is estimated to capture more than 99% of births reach-

ing at least 20 weeks’ gestation.15 The BCMS database and BCPDR

are reliable and objective sources of data, being collected largely in a

prospective manner by trained health care professionals without a

specific research question in mind. For this current study, birth hos-

pitalization data collected up to March 31, 2009 were used.

Study participants. This cohort of mothers and newborns has been

described previously.7 Briefly, births were classified as “births to MS

mothers” if women had a neurologist-confirmed diagnosis of labora-

tory-supported or clinically definite MS (Poser16 or McDonald17 crite-

ria) with disease onset before delivery. Birth hospitalization data of MS

mothers were obtained by linking the BCMS database to the BCPDR

at the individual level via the Personal Health Number, a unique

identifier assigned to all residents of BC, verified by maternal names

and dates of birth. Birth hospitalization data from the general popula-

tion were obtained from a frequency-matched sample of births

matched bymaternal age (61 year), local health authority, and delivery

year. We excluded births occurring before onset of MS. We also

excluded non-singleton births (i.e., twins and triplets) because of asso-

ciated complications that could prolong the length of birth hospitali-

zation. Pregnancies ending before 20 weeks’ gestation were not

available.

Demographics, clinical characteristics, and outcomes. Mater-

nal characteristics included the following: age; body mass index

(BMI); gravidity; parity; number of antenatal visits; lone parent status;

alcohol, drug, and cigarette use (as identified by a physician or mid-

wife as a risk during pregnancy); hypertension (preexisting, gesta-

tional, or preeclampsia); abnormal serum glucose levels or diabetes

(preexisting or identified during pregnancy); duration of the second

stage of labor; assisted vaginal delivery (forceps and/or vacuum extrac-

tion); and cesarean delivery. Newborn characteristics included birth

weight, gestational age, 5-minute Apgar score, and congenital anom-

alies. MS clinical characteristics included disease course (relapsing-

onset, primary progressive, or unknown), age at MS onset, disease

duration, and level of disability around the time of delivery (63

years) as measured by the Expanded Disability Status Scale (EDSS)

score.18 Primary outcomes were the length of maternal and neonatal

hospitalization related to delivery. Secondary outcomes included neo-

natal intensive care unit (NICU) admission rates and length of stay in

the NICU.

Statistical analyses. Maternal and newborn characteristics were

compared between births and mothers with MS and the general pop-

ulation using the x2 test or Fisher exact test for categorical variables

and the Mann-Whitney U test for continuous variables. The gener-

alized estimating equations approach was used to account for multiple

singleton births to the same mother (clustering effects) and

confounders. In building the generalized estimating equations, a log-

arithmic transformation was applied to the length of birth hospital-

ization to account for the right-skewed data distribution. A priori

potential confounders considered in thematernal hospitalization anal-

ysis included cesarean delivery,19,20 maternal age,19 maternal comor-

bidity19 (hypertension or diabetes), number of antenatal visits,19

obesity as measured by BMI,21 parity,19 and prolonged labor.19 For

newborns, the following a priori confounders were considered: 5-

minute Apgar score,19 birth weight,19 congenital anomaly,19 maternal

age,19 comorbidity19 (hypertension or diabetes), and substance use

exposure19 (i.e., alcohol, cigarettes, or drugs of abuse). When data on

confounders were unavailable for.20% of theMS cohort (i.e., BMI

and duration of the second stage of labor), the effect of including,

then excluding, each variable was examined; where no significant

effect on the outcome was found, then the confounder(s) was

excluded from the final model. In addition, because any adverse event

affecting the duration of newborn hospitalization was deemed a

potential factor in the causal pathway affecting the duration of mater-

nal hospitalization22 and vice versa, the newborn’s duration of hospi-

talization was not included as a potential confounder when

examining the mother’s duration of stay (and vice versa). Propensity

score (PS) matching was used as an additional means of balancing the

MS and general population cohorts, as outlined in appendix e-1 on

theNeurology®Web site at www.neurology.org. In the analysis of MS

mothers, MS disease duration was included as a continuous variable,

with disability categorized into 4 groups: EDSS score of 0 (normal

neurologic exam), 1.0 to 1.5 (no disability but minimal neurologic

symptoms present), 2.0 to 2.5 (minimal disability), and $3.0 (mild

to moderate disability or higher).18 Associations between MS (as well

as disease duration and disability) and birth hospitalization on the

logarithm scale were reported with regression coefficients (b), 95%

confidence interval (CI) and p values. Admissions to the NICU were

reported descriptively only. All reported p values were 2-sided with an
a of 0.05. Statistical analyses were conducted using SPSS 17.0 (IBM,

Armonk, NY) with R (version 2.15.1) used for the PS matching.

Standard protocol approvals, registrations, and patient
consents. The University of British Columbia’s Clinical Research

Ethics Board and the Vancouver Coastal Health Research Institute

approved the study, which involved informed consent.

RESULTS Demographics and clinical characteristics.

Linkage of 7,056 female patients in the BCMS database
to pregnancy data from the BCPDR identified 762
births to 550 women with MS. A frequency-matched
sample of 3,048 births from the general population
was selected for comparison. Non-singleton infants
(n 5 101), births to mothers without a diagnosis of
clinically definite MS (n 5 225), or mothers with MS
onset after delivery (n5 76) were excluded, resulting in
432 births to 321 women with MS and 2,975 births to
2,958 women from the general population. In this
cohort, women with MS had 1 stillbirth whereas the
sample of women in the general population had 16
stillbirths. The cohort characteristics have been previ-
ously reported7 and are summarized in table 1. Women
in the MS group were more likely to be first-time moth-
ers, hypertensive, nondiabetic, to smoke cigarettes during
pregnancy, have a higher BMI, attend more antenatal
visits, and have a longer duration of the second stage of
labor. All other characteristics were comparable (table 1).
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The majority of MS women had relapsing-onset
MS, of which 18 births were to women with secondary
progressive MS. Other clinical characteristics of the MS
cohort (age at MS onset, disease duration, EDSS score)
are provided in table 2.

Birth hospitalization. After accounting for clustering
(multiple singleton births to the same mother) and con-
founding, the difference in length of maternal hospital-
ization on the logarithm scale was not statistically or
clinically significant for mothers with MS (median dif-
ference of11.5 hours) compared with the general pop-
ulation (table 3). Predictors of a longer length of
maternal hospitalization in this sample of births in BC
included older maternal age (p 5 0.03), primiparity
(giving birth for the first time) (p , 0.001), cesarean
delivery (p, 0.001), and presence of hypertension (p5
0.047). In contrast, the number of antenatal visits or
presence of diabetes was not significantly associated with
the length of maternal hospitalization (p . 0.05) (data
not shown).

The duration of newborn hospitalization was also
not significantly different between births to mothers
with MS and the general population (median difference
of 12.1 hours) (table 3). Overall, a longer length of
newborn hospitalization was significantly associated
with lower birth weight (p , 0.001), lower 5-minute
Apgar score (p , 0.001), presence of congenital anom-
aly (p5 0.01), maternal hypertension (p5 0.001), and
cigarette (p5 0.02) and drug use (p5 0.003) identified
as a risk during pregnancy, but not maternal age, dia-
betes, or alcohol use (p . 0.05) (data not shown).

Findings for both maternal and newborn hospital-
izations remained virtually unchanged after PS
matching (see tables e-1 to e-6).

No significant associations were found between
length of maternal/newborn hospitalization and MS
clinical factors (table 4).

Admissions to NICU. Similar to the general population
(n5 53, 2%), a small proportion of newborns to moth-
ers with MS (n5 12, 3%) were admitted to the NICU
after birth. The median length of stay for newborns in
the NICU was 4.5 days (range: 1–16 days) to mothers
with MS, and 2 days (range: 1–40 days) to mothers
from the general population.

DISCUSSION Mothers with MS and their newborns
had a similar duration of birth hospitalization as the gen-
eral population, in contrast with 2 other studies whose
authors reported longer birth hospitalizations.4,11 The
authors of one US study in Washington state concluded
that mothers with MS (n 5 198) were more likely to
have birth hospitalizations lasting 4 to 6 days (but not
shorter [1–3 days] or longer [.6 days] stays) compared
with the general population (relative risk 5 1.7; 95%
CI: 1.2–2.6; adjusted for maternal age and delivery

Table 1 Maternal and newborn characteristics in British Columbia (April 1998–
March 2009)

Characteristic
MS General population

p Value(n 5 432) (n 5 2,975)

Maternal age, y 0.18a

Median (range) 32 (19–44) 32 (16–44)

Maternal BMI, kg/m2, n (%) 0.02a

Underweight (<18.5) 16 (5) 108 (5)

Normal (18.5 to <25) 174 (54) 1,314 (63)

Overweight (25 to <30) 89 (28) 421 (20)

Obese (‡30) 42 (13) 238 (11)

Median (range) 23.4 (16.1–46.9) 22.8 (14.4–56.8)

Gravidity 0.15a

Median (range) 2 (1–11) 2 (1–15)

Parity, n (%) 0.01b

Nullipara 209 (48) 1,239 (42)

Multipara 223 (52) 1,736 (58)

No. of antenatal visits ,0.001a

n 400 2,801

Median (range) 10 (1–22) 9 (0–25)

Lone parent status 0.28b

n (%) 14/398 (4) 131/2,764 (5)

Exposure to alcohol during
pregnancy

0.17c

n (%) 1 (0) 30 (1)

Exposure to drug considered as
harmful for pregnancy

0.84b

n (%) 8 (2) 51 (2)

Cigarette use during
pregnancy

0.03b

n (%) 57 (13) 289 (10)

Hypertension during
pregnancy

0.046b

n (%) 33 (8) 157 (5)

Abnormal glucose level or diabetes
during pregnancy

0.01b

n (%) 17 (4) 222 (8)

Duration of the second stage of
labor, h

0.04a

n 312 2,191

Median (range) 0.6 (0–6.6) 0.5 (0–26.6)

Assisted vaginal delivery (forceps
and/or vacuum use)

0.34b

n (%) 39/304 (13) 316/2,123 (15)

Cesarean delivery 0.63b

n (%) 128 (30) 848 (29)

Birth weight (live birth only), g 0.05a

n 431 2,959

Median (range) 3,423 (1,985–5,770) 3,470 (900–5,660)

Gestational age (live birth only), wk 0.53a

n 431 2,954

Continued
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method).11 Another study, accessing a nationally repre-
sentative database from all nonfederal short-stay hospitals
in the United States, reported a slightly longer duration
of birth hospitalization (72 hours) in mothers with MS
(n 5 7,697) compared with mothers from the general
population (64.8 hours, n 5 15,200,000) after adjust-
ment for maternal age and ethnicity (p, 0.001).4 This
7.2-hour difference, although statistically significant, is
likely not of clinical significance. Findings between stud-
ies may differ for a number of reasons, including varia-
tions in socioeconomic factors and comorbidities
between study populations of mothers with MS, local
health care policy, clinician practice, as well as the

composition of public and private health care services.
In addition, identification of subjects via unvalidated
methods, for instance requiring only a single Interna-
tional Classification of Diseases (ICD) billing code,
and requiring it to be present around the time of the
birth hospitalization may result in a bias toward patients
with more active or severe MS in some studies. Consis-
tent with this was the observation of an increased risk of
cesarean deliveries, a known cause of longer birth hospi-
talizations,19,20 in women with MS when MS was iden-
tified by ICD billing codes alone4—something not
found in other studies with a more comprehensive case
ascertainment.7 One study examining hospital stays in
newborns of mothers with MS11 reported longer stays
(relative risk 5 1.5; 95% CI: 0.99–2.3) compared with
newborns of mothers withoutMS11; however, the authors
speculated this was attributable to the common practice of
discharging mother and newborn home together, as no
other adverse birth outcomes were observed.

Our study differed from previous studies4,11 examin-
ing birth hospitalizations in a number of ways: first, our
study included a cohort of women with clinically definite
MS confirmed by an MS specialist neurologist, rather
than relying on a single ICD code (a valid algorithm
for MS requires multiple ICD billing codes recorded over
a period of time)23 to identify MS. Second, we found that
the length of birth hospitalization in patients with MS
was not associated with disease duration or level of disa-
bility, which was not previously examined. These findings
should be considered exploratory in nature and require
confirmation. Third, we were able to account for data
clustering arising from consecutive births to the same
mother and control for confounders not considered in
previous studies. Failure to adjust for these important
factors may over- or underestimate the true effect of
MS on birth hospitalization. We also matched mothers
with MS by delivery year and local health authority to a
sample of mothers from the general population
to minimize potential temporal and regional differences
in birth discharge practices. Finally, findings remained
virtually unchanged when PS matching was applied.

A potential limitation is that MS patients with mild
disease and/or limited access to an MS clinic in BC
because of geographic distance may not have been cap-
tured in our database. Women with MS had an EDSS
score of less than 3.0 around the time of delivery in
approximately 80% of births with an EDSS score avail-
able, making our study less applicable to women with
higher MS disability. Nonetheless, our study is likely
broadly representative of MS patients in BC and gener-
alizable to populations of MS mothers in Western coun-
tries with a similar health care structure to Canada. Few
newborns were admitted to the NICU (with a similar
proportion being admitted in the MS and general popu-
lation cohorts), such that we are unable to draw firm con-
clusions based on these data. Finally, factors such as

Table 1 Continued

Characteristic
MS General population

p Value(n 5 432) (n 5 2,975)

Median (range) 39 (32–42) 39 (23–43)

5-Min Apgar score (live birth only),
10-point scale

0.28a

n 431 2,950

Median (range) 9 (5–10) 9 (3–10)

Congenital anomalies 0.92b

n (%) 24 (6) 169 (6)

Abbreviations: BMI 5 body mass index; MS 5 multiple sclerosis.
aMann-Whitney U test.
bx2 test.
c Fisher exact test.

Table 2 Clinical characteristics of women with MS who gave birth in British
Columbia (April 1998–March 2009)

Characteristic
Mothers with MSa Births to mothers with MS
(n 5 321) (n 5 432)

Disease course, n (%)

Relapsing-onset 313 (98) 421 (97)

Primary progressive 4 (1) 4 (1)

Unknown 4 (1) 7 (2)

Age at MS onset, y

n 309 414

Median (range) 25 (8–39) 24 (8–39)

Disease duration at delivery, y

n 309 414

Median (range) 6.3 (,1–28) 7.3 (,1–28)

Level of disability at delivery (63 y),
EDSS score, n (%)

n 252 330

0 46 (18) 58 (18)

1.0 or 1.5 87 (35) 117 (35)

2.0 or 2.5 69 (27) 89 (27)

‡3.0 50 (20) 66 (20)

Median (range) 1.0 (0-7.5) 1.5 (0-7.5)

Abbreviations: EDSS 5 Expanded Disability Status Scale; MS 5 multiple sclerosis.
a Based on the first birth in the study period.
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parental ethnicity, parental perceptions of their childcare
abilities, socioeconomic background, and the availability
of support resources after discharge from hospital were
not available, but could influence the length of birth
hospitalization.19

Overall, our findings are reassuring for women with
MS planning a pregnancy or already expecting a child;
the presence of MS in the mother does not seem to alter
the length of birth hospitalization for the mother or
baby.

Table 3 Length of birth hospitalization, in hours, between births to mothers with MS and the general populationa

Factor No.
Length of hospitalization
(mean 6 SD; median [range])

Unadjusted Adjusted for clustering and confounding effectsb

Beta 95% CI p Value Beta 95% CI p Value

Maternal hospitalization

Non-MS 2,974 56.4 6 34.0; 50.0 [1.6–713.9] Reference level Reference level

MS 429 57.4 6 33.2; 51.5 [1.7–360.7] 0.01 20.02 to 0.03 0.74 20.01 20.03 to 0.02 0.53

Newborn hospitalization

Non-MS 2,959 64.1 6 70.4; 50.4 [,0.1–1,080.2] Reference level Reference level

MS 428 67.9 6 80.1; 52.5 [0.3–973.4] 0.01 20.02 to 0.04 0.49 0.01 20.02 to 0.05 0.48

Abbreviations: CI 5 confidence interval; MS 5 multiple sclerosis.
a Length of birth hospitalization was logarithmically transformed.
bMaternal hospitalizations were adjusted for cesarean delivery, diabetes, hypertension, maternal age, number of antenatal visits, and parity. Newborn
hospitalizations were adjusted for 5-minute Apgar score of live births only, alcohol use during pregnancy, birth weight of live births only, cigarette use
during pregnancy, congenital anomaly, drug use considered as harmful during pregnancy, diabetes, hypertension, and maternal age.

Table 4 Length of birth hospitalization, in hours, between births to mothers with MS by clinical factorsa

Factor No.
Length of hospitalization
(mean 6 SD; median [range])

Unadjusted Adjusted for clustering and confounding effectsb

Beta 95% CI p Value Beta 95% CI p Value

Maternal hospitalization

MS disease duration, y 0 20.01 to 0.01 0.97 0 20.01 to ,0.01 0.73

<5 134 58.0 6 28.4; 53.7 [1.9–162.7]

5 to <10 150 56.4 6 31.9; 50.7 [1.7–184.1]

‡10 127 59.5 6 39.7; 51.5 [5.8–360.7]

Disability (63 y), EDSS score

0 58 54.1 6 29.6; 47.4 [3.4–144.4] Reference level Reference level

1 or 1.5 117 58.3 6 29.7; 52.1 [1.9–162.7] 0.03 20.05 to 0.12 0.46 0 20.08 to 0.08 0.99

2 or 2.5 89 59.1 6 41.9; 54.3 [9.5–360.7] 0.04 20.05 to 0.13 0.40 0 20.07 to 0.08 0.93

‡3 66 58.6 6 33.6; 51.9 [3.4–182.1] 0.03 20.07 to 0.12 0.57 0.01 20.08 to 0.10 0.86

Newborn hospitalization

Mother’s MS disease duration, y 0 20.01 to 0.01 0.82 0 20.01 to 0.01 0.87

<5 134 63.4 6 45.1; 53.8 [0.3–335.4]

5 to <10 150 70.8 6 95.4; 52.7 [1.7–973.4]

‡10 126 72.0 6 93.3; 51.9 [,0.1–747.5]

Disability (63 y), EDSS score

0 58 61.1 6 47.3; 48.4 [3.4–303.2] Reference level Reference level

1 or 1.5 117 69.1 6 78.9; 53.6 [0.3–747.5] 0.01 20.09 to 0.12 0.81 20.02 20.13 to 0.08 0.66

2 or 2.5 89 63.0 6 54.8; 54.4 [9.5–388.8] 0.02 20.09 to 0.13 0.70 0.02 20.08 to 0.11 0.73

‡3 66 90.1 6 142.6; 56.7 [5.8–973.4] 0.08 20.04 to 0.20 0.18 0.04 20.07 to 0.14 0.53

Abbreviations: CI 5 confidence interval; EDSS 5 Expanded Disability Status Scale; MS 5 multiple sclerosis.
a Length of birth hospitalization was logarithmically transformed.
bMaternal hospitalizations were adjusted for cesarean delivery, diabetes, hypertension, maternal age, number of antenatal visits, and parity. Newborn
hospitalizations were adjusted for 5-minute Apgar score of live births only, alcohol use during pregnancy, birth weight of live births only, cigarette use
during pregnancy, congenital anomaly, drug use considered as harmful during pregnancy, diabetes, hypertension, and maternal age.
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