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Abstract

IMPORTANCE—The Advisory Committee on Immunization Practices (ACIP) recommends the
tetanus, diphtheria, and acellular pertussis (Tdap) vaccine for preghant women during each
pregnancy, regardless of prior immunization status. However, safety data on repeated Tdap
vaccination in pregnancy is lacking.

OBJECTIVE—To determine whether receipt of Tdap vaccine during pregnancy administered in
close intervals from prior tetanus-containing vaccinations is associated with acute adverse events
in mothers and adverse birth outcomes in neonates.

DESIGN, SETTING, AND PARTICIPANTS—A retrospective cohort study in 29 155 pregnant
women aged 14 through 49 years from January 1,2007, through November 15,2013, using data
from 7 Vaccine Safety Datalink sites in California, Colorado, Minnesota, Oregon, Washington, and
Wisconsin.

EXPOSURES—Women who received Tdap in pregnancy following a prior tetanus-containing
vaccine less than 2 years before, 2 to 5 years before, and more than 5 years before.

MAIN OUTCOMES AND MEASURES—Acute adverse events (fever, allergy, and local
reactions) and adverse birth outcomes (small for gestational age, preterm delivery, and low birth
weight) were evaluated. Women who were vaccinated with Tdap in pregnancy and had a prior
tetanus-containing vaccine more than 5 years before served as controls.
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RESULTS—There were no statistically significant differences in rates of medically attended
acute adverse events or adverse birth outcomes related to timing since prior tetanus-containing

vaccination.
Time Since Prior Tetanus-Containing Vaccination, y
Outcome <2 2-5 >5 (Control)
Local reactions, rate/10 000 women 4.2 7.0 11.2

Adjusted risk ratio (95% CI)

0.49 (0.11-2.20)

0.77 (0.31-1.95)

1 [Reference]

Pvalue

.35

.59

Preterm delivery, %

6.6

6.4

6.8

Adjusted risk ratio (95% CI)

1.15 (0.98-1.34)

1.06 (0.94-1.19)

1 [Reference]

Pvalue

.08

.33

Small for gestational age, %

9.0

8.7

9.1

Adjusted risk ratio (95% CI)

0.99 (0.87-1.13)

0.96 (0.87-1.06)

1 [Reference]

Pvalue

.88

45

CONCLUSIONS AND RELEVANCE—AmMmong women who received Tdap vaccination during
pregnancy, there was no increased risk of acute adverse events or adverse birth outcomes for those
who had been previously vaccinated less than 2 years before or 2 to 5 years before compared with
those who had been vaccinated more than 5 years before. These findings suggest that relatively
recent receipt of a prior tetanus-containing vaccination does not increase risk after Tdap

vaccination in pregnancy.

Pertussis (whooping cough) is a vaccine-preventable illness that has been increasing in
incidence over the past decade in the United States.1~3 Neonates and infants are at increased
risk of pertussis-related hospitalization and death compared with older children and adults.
Many public health strategies have been recommended to decrease the burden of pertussis in
neonates and infants.#~% Most recently, in 2012, the Centers for Disease Control and
Prevention (CDC) Advisory Committee on Immunization Practices (ACIP) recommended
tetanus, diphtheria, and acellular pertussis (Tdap) vaccination for all pregnant women during
each pregnancy regardless of prior immunization status.®

However, few published studies have evaluated the safety of Tdap vaccine in pregnant
women.”~11 In these studies, Tdap vaccination during pregnancy has not been associated
with an increased risk of spontaneous abortion, stillbirth, preterm delivery, low birth weight,
neonatal complications, or congenital anomalies compared with unvaccinated pregnant
controls. Additionally, 1 retrospective study showed that pregnant women vaccinated with
Tdap who had received a prior Tdap vaccine within 5 years had no difference in neonatal
outcomes compared with women receiving their first Tdap vaccine in pregnancy.1!
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Most safety studies on administering repeated doses of tetanus-containing vaccines are
limited to nonpregnant individuals.12-14 These studies have shown that intervals less than 5
years between tetanus-containing vaccines can be associated with increased local reactions
and fever. Although these studies did not find an increased risk of Arthus reactions (severe
dermal inflammation, endothelial damage, and vascular necrosis), this has been a concern
with shortened intervals between tetanus vaccine doses.12-14

This study focused on determining whether there is association between receipt of Tdap
vaccine during pregnancy administered in close intervals from prior tetanus-containing
vaccinations and acute adverse events in mothers and adverse birth outcomes in neonates.

Study Population

The study protocol was reviewed and approved by institutional review boards at Emory
University, the CDC, and the 7 Vaccine Safety Datalink (\VSD) sites and was determined
exempt from requiring participant consent. The study cohort included pregnant women
enrolled in the VSD (Figure). The VSD is a collaborative project between the CDC and 9
integrated health care organizations.1® The VSD includes data on more than 9 million
individuals annually (approximately 3% of the US population), with an annual birth cohort
of approximately 90 000. Data are collected from standardized files prepared at each site
that contain individual demographic, enrollment, immunization, hospitalization, emergency
department visits, and outpatient visits. For this study, 7 VSD sites contributed data: Group
Health Cooperative (Washington), Kaiser Permanente Northwest (Oregon and Washington),
Kaiser Permanente Northern California, Southern California Kaiser Permanente,
HealthPartners (Minnesota), Marshfield Clinic (Wisconsin), and Kaiser Permanente
Colorado. These sites were chosen because they contribute pregnancy data on a yearly basis.
Although the majority of the VSD data comes from the 2 California sites, and thus the
western United States, the demographic characteristics of the VSD population have been
shown to be generally comparable with that of the entire US population.16

Study Design

We conducted a retrospective cohort study among pregnant women vaccinated with Tdap by
evaluating medically attended acute adverse events (occurring in outpatient, inpatient, and
emergency department settings) in mothers and adverse birth outcomes in their neonates. We
compared adverse events between women receiving a prior tetanus-containing vaccine less
than 2 years before and 2 to 5 years before with women who had received a prior tetanus-
containing vaccine more than 5 years before (controls). We chose these comparisons based
on intervals used in prior studies comparing acute adverse events following multiple tetanus-
containing vaccines in nonpregnant individuals.12-14 Prior vaccination status was
irrespective of pregnancy status at the time of vaccination.

We identified pregnancies ending between January 1,2007, and November 15, 2013, in
automated data using a validated pregnancy algorithml” that has been used in prior VSD
pregnancy studies.18:19 This pregnancy episode algorithm uses claims, administrative, and
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birth data from the electronic medical record to identify pregnancies, pregnancy outcomes,
and gestational age at pregnancy outcome, and has been shown to be accurate within 28 days
in confirming the estimated pregnancy start date for 99% of live births and in confirming the
pregnancy outcome date for 96% of live births.1”

We included women aged 14 through 49 years who received Tdap vaccine during pregnancy
and had continuous insurance coverage from 6 months prior to pregnancy to 6 weeks
postpartum with no more than a 30-day gap in enrollment. We excluded women who had no
documentation of prior tetanus-containing vaccines, women who received live vaccines
during pregnancy, and women with a multiple gestation pregnancy. We also excluded
pregnancies with non-live birth outcomes (stillborn, spontaneous abortion, therapeutic
abortion, trophoblastic disease, and ectopic pregnancy) because we did not have the
resources to access medical records to confirm the timing of these outcomes in relation to
vaccination, which could result in inaccurate findings. Finally, we excluded all women who
received non-Tdap tetanus-containing vaccines during pregnancy (ie, tetanus diphtheria
[TdD).

We identified vaccinations using electronic medical record and insurance claims data that are
captured in the standardized VSD vaccine file. We defined a vaccine administered during
pregnancy as one given from 7 days after the woman’s last menstrual period through 7 days
before the date the pregnancy ended. We used these cutoffs to avoid misclassification of
vaccines that might have been given prior to pregnancy or postpartum.10:19

Outcome Measures

We compared /nternational Classification of Diseases, Ninth Revision, Clinical Modification
(/CD-9-CM) codes for fever, local reactions (limb pain, limb swelling, cellulitis,
lymphadenitis, and Arthus reaction), and allergic reactions (allergy, urti-caria, and
anaphylaxis) occurring in intervals of 0 through 3 days and 0 through 7 days following Tdap
vaccine, excluding duplicate diagnoses that had been given in the previous 30 days to
capture incident cases associated with a health care visit. The day of vaccination was
considered day 0, and we excluded any diagnoses on day 0 occurring in the outpatient
setting, as they were likely present before the vaccination. As some allergic reactions may
occur on day 0 in the outpatient setting, we performed a sensitivity analysis including
diagnoses of allergic reactions in the outpatient setting on the day of vaccination. We
compared the risk of incident cases of Guillain-Barré syndrome in the inpatient setting,
using a 1-through 42-day time window following vaccination. We also examined the
following adverse birth outcomes: preterm delivery (defined as gestational age <37 weeks),
low birth weight (birth weight <2500 g), and small for gestational age (weight <10th
percentile for gestational age and sex).20

Statistical Methods

We compared baseline characteristics between the 3 groups of pregnant women who
received Tdap vaccine. We used XZ tests to compare categorical variables, and analysis of
variance to compare continuous variables. We identified all adverse events using /CD-9-CM
codes. We used log-binomial regression analysis to calculate the relative risks (RRs) for both
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rare and non-rare events. Akaike Information Criterion measurements are included as
assessments of model fit (eTablel in the Supplement). We adjusted for differences in
gestational age at time of vaccination and VSD site (Kaiser Permanente Northern California,
Southern California Kaiser Permanente, or other site) when comparing acute events. When
comparing birth outcomes, we also adjusted for maternal age, length of enroliment (in
months) in the health plan prior to pregnancy, risk factors for pregnancy adverse events,
pregnancy complications, and prenatal care utilization, because these are likely to
independently affect birth outcomes. Prenatal care utilization was assessed using the
Kotelchuck Adequacy of Prenatal Care Utilization Index, which takes into account the
number of prenatal care visits from the time of the first prenatal care visit until delivery.2!
Comorbidities (asthma, diabetes, hypertension, and cardiovascular disease) and pregnancy
complications were identified using/CD-9-CM codes. Only records that contained
information on the neonate (ie, weight and gestational age) were used when analyzing birth
outcomes. In addition, only vaccinations given prior to 37 weeks of gestation were included,
S0 as to not bias the results for preterm delivery and low birth weight. All analyses were
performed using SAS (SAS Institute), version 9.3.

We performed a priori power calculations based on an expected sample size of 24 000
women and determined that we had 80% or higher power to detect an RR greater than 2 for
all of our birth outcomes. However, analyses for medically attended acute adverse outcomes,
which are rare, were under-powered. To detect an RR greater than 2 for local reactions, 10
000 participants would be needed in each cohort; for fever, 37 000 participants; and for
allergic reactions, 75 000 participants. We considered results to be statistically significant at
an a error less than .05 using 2-tailed tests.

From January 1, 2007, through November 15,2013, there were a total of 633 542 singleton
pregnancies recorded in the VVSD sites (Figure). After applying exclusion criteria, we
identified 61 311 pregnancies in which a single Tdap vaccine was given. We excluded 32
156 pregnancies (52%) because there was no prior history of a tetanus-containing vaccine
documented. Our final analytic data set included 29 155 pregnancies. Of these pregnancies,
4812 women (17%) had a prior tetanus-containing vaccine less than 2 years before, 9999
women (34%) 2 to 5 years before, and 14 344 women (49%) more than 5 years before
(controls).

Among the 29 155 pregnancies ending from 2007 through 2013, the majority of Tdap
vaccinations were administered from 2010 through 2013 (98.1%), and most were
administered in 2013 (54.0%). In the overall cohort, Tdap was most often administered in
the third trimester (67.4%). Fewer women received the vaccine in the second trimester
(27.5%) and the first trimester (5.1%). Maternal age, length of enrollment, and gestational
age at Tdap vaccination were significantly different in the 3 study groups (P = <.001) (Table
1). In addition, most pregnant women who received a prior tetanus-containing vaccine less
than 2 years before (94%) and 2 to 5 years before (85%) their current Tdap vaccine had
previously received Tdap (as opposed to a non-Tdap tetanus-containing vaccine) vs only
17% of controls (P<.001).
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Acute Outcomes

Overall, acute adverse events after vaccination were rare (eTables 2-3 in the Supplement).
There were no statistically significant differences in fever, allergic reactions, or local
reactions among women who had received their prior tetanus-containing vaccine less than 2
years before and 2 to 5 years before compared with controls (Table 2). Fever beginning 0
through 3 days after vaccination occurred at a rate (per 10 000 women) of 2.1 in those who
received Tdap and had a prior tetanus-containing vaccine less than 2 years before compared
with 3.5 among controls (adjusted RR, 0.66 [95% CI, 0.07-5.77]; £P=.70). Allergic
reactions beginning 0 through 3 days after vaccination occurred at a rate (per 10 000
women) of 2.1 in women who received Tdap and had a prior tetanus-containing vaccine less
than 2 years before (adjusted RR, 1.55 [95% ClI, 0.13-18.45]; £=.73) and 1.0 in those
receiving it 2 to 5 years before (adjusted RR, 0.71 [95% CI, 0.06-8.13]; P=.78) compared
with 1.4 among controls. Local reactions beginning 0 through 3 days after vaccination
occurred at a rate (per 10 000 women) of 4.2 in women who received Tdap and had a prior
tetanus-containing vaccine less than 2 years before (adjusted RR, 0.49 [95% CI, 0.112.20]; P
=.35) and 7.0 in those receiving it 2 to 5 years before (adjusted RR, 0.77 [95% Cl, 0.31-
1.95]; P=.59) compared with 11.2 among controls. There was no increased risk of allergic
reactions based on the sensitivity analysis including outpatient diagnoses occurring on day 0
(eTable 4 in the Supplement). There were no cases of anaphylaxis, Arthus reactions, or
Guillain-Barré syndrome following vaccination.

Birth Outcomes

There were no statistically significant differences in adverse birth outcomes among women
who had received their prior tetanus-containing vaccine less than 2 years before and 2 to 5
years before compared with controls (Table 3). Preterm delivery occurred in 6.6% of women
who received Tdap and had a prior tetanus-containing vaccine less than 2 years before
(adjusted RR, 1.15 [95% CI, 0.98-1.34]; £=.08) and 6.4% of those receiving it 2 to 5 years
before (adjusted RR, 1.06 [95% CI, 0.94-1.19]; £=.33) compared with 6.8% of controls.
Low-birth-weight delivery occurred in 4.7% of women who received Tdap and had a prior
tetanus-containing vaccine less than 2 years before (adjusted RR, 1.10 [95% CI, 0.92-1.32];
P=.31) and4.7% of those receiving it2to5 years before (adjusted RR, 1.03 [95% CI, 0.89-
1.18]; P=.72) compared with 5.1% of controls. Small for gestational age delivery occurred
in 9.0% of women who received Tdap and had a prior tetanus-containing vaccine less than 2
years before (adjusted RR, 0.99 [95% Cl, 0.87-1.13]; P=.88) and 8.7% of those receiving
it2to5 years before (adjusted RR, 0.96 [95% CI, 0.87-1.06]; P = .45) compared with 9.1% of
controls.

Discussion

To our knowledge, this is the first study to evaluate medically attended acute adverse
outcomes in mothers following Tdap vaccine in pregnancy looking specifically at intervals
since receipt of prior tetanus-containing vaccinations. We did not find any differences in
acute events in the mothers or adverse birth outcomes in neonates when comparing women
who were vaccinated with Tdap during pregnancy regardless of the length of time since a
prior tetanus-containing vaccine. Our findings should reassure patients and clinicians who
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might be hesitant to give Tdap vaccine to pregnant women who recently received a Tdap or
other tetanus-containing vaccination.

Our findings are similar to another retrospective cohort study evaluating women receiving
Tdap in pregnancy who had a prior pregnancy with Tdap vaccine administered within 5
years compared with multiparous women with no prior Tdap vaccine in pregnancy.! This
study found no difference in gestational age at delivery, stillbirth, major malformations,
neonatal care admissions, ventilation requirements, and neonatal death, whereas ours
focused on preterm delivery, small for gestational age, and low birth weight. The prior study
did note a small increase in average birth weight of neonates of women receiving multiple
Tdap vaccines. Our study did not compare actual birth weights, but rather compared the
presence of low-birth-weight (<2500 g) delivery, and did not find a statistically significant
difference.

Our findings contrast with some studies in other populations that suggest an increased risk of
adverse events when tetanus-containing vaccines are given at short intervals, most of which
evaluated differences in solicited adverse events.12-14 In 2006, a clinical trial of 7156
children found that Tdap vaccine was well tolerated when given at intervals as short as 18
months since prior tetanus-containing vaccines; however, there was an increase in solicited
injection site swelling and erythema in participants who received a tetanus-containing
vaccine more recently.12 A VSD retrospective cohort study of 436 828 Td vaccinations
demonstrated that medically attended local reactions, including cellulitis, were more
common among persons who received a Td-containing vaccine within the last 5 years
compared with a longer interval.13 Another study assessed safety in 4524 Tdap-vaccinated
health care workers during a pertussis outbreak in New England.14 Overall, there was no
difference in the rates of solicited moderate or severe injection site reactions, but there was
an increase in redness, swelling, and subjective fever among patients who had received their
prior Td-containing vaccine less than 2 years earlier. Among 20 pregnant women included in
that study, only 1 person reported severe swelling and 2 reported feeling feverish without
documented fever. All symptoms in these pregnant women resolved without treatment, and
all neonates were born at term with normal newborn evaluations. None of the pregnant
women had received a prior tetanus-containing vaccine 2 years before their Tdap
vaccination.

One explanation of the apparent paucity of acute adverse events with short tetanus
vaccination intervals in our study could be related to shifts in immunological responses that
occur during pregnancy.22 These include shifts in humoraland cellular-mediated immunity
and natural killer cells that occur to protect the fetus from harm. Among other changes, there
may be less inflammation that occurs in response to vaccinations, which may result in fewer
adverse events following multiple tetanus-containing vaccinations given in close proximity.
Another explanation could be that we relied exclusively on medically attended adverse
events, which are rare, whereas the majority of prior studies included solicited adverse
events. Therefore, milder reactions that do not come to medical care might not have been
included.
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Our study has some limitations. We had limited power for the acute adverse events analysis.
However, the rates of acute adverse events were generally not more common in pregnant
women who had more recent tetanus-containing vaccinations. We also excluded women with
no prior documented tetanus-containing vaccination, which comprised 52% of the Tdap-
vaccinated cohort, to reduce misclassification. Although it is unlikely that these women
never received a tetanus-containing vaccine in the past, this exclusion allowed for more
conservative estimates of risk as the cohorts were not diluted with women that were
potentially previously unvaccinated. There is the potential for some confounding due to
differences in the type of vaccine received because the majority of the women in our study
who were vaccinated with tetanus-containing vaccines less than 2 years before received
Tdap and those vaccinated more than 5 years before had previously received Td.
Additionally, we did not review medical charts to validate the adverse events, which would
correct for any potential overestimation of the rates of acute reactions following Tdap in
pregnancy. Although this is important, we would expect any resulting misclassification bias
to be nondifferential, and not to affect our overall results. Finally, the VSD population is an
insured population, and these findings may not be generalizable to the entire US population.
However, demographic characteristics of the VSD population, including race, ethnicity,
income, and education, have been shown to be generally comparable with the population of
the United States.16

Future studies are needed to determine if there are differences in other important adverse
pregnancy outcomes, such as stillbirth and spontaneous abortion, when Tdap is given in
pregnancy in close intervals from prior tetanus-containing vaccines.

Conclusions

Among women who received Tdap vaccination during pregnancy, there was no increased
risk of acute adverse events or adverse birth outcomes for those who had been previously
vaccinated less than 2 years before or 2 to 5 years before compared with those who had been
vaccinated more than 5 years before. These findings suggest that relatively recent receipt of
a prior tetanus-containing vaccination does not increase risk after Tdap vaccination in
pregnancy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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633542 Pregnancies?

» 189768 Excluded (did not end in live birth)®

Y

443774 Ended in live birth

382236 Excluded
> 381470 No Tdap during pregnancy
766 Received live vaccines

Y

61538 Received Tdap

> 227 Excluded (>1 tetanus-containing vaccine)

Y

61311 Received 1 Tdap

32156 Excluded (no prior history of
tetanus vaccine)

Y Y Y
4812 Pregnancies with Tdap + prior 9999 Pregnancies with Tdap + prior 14344 Pregnancies with Tdap + prior
tetanus-containing vaccine tetanus-containing vaccine tetanus-containing vaccine
<2 years before 2-5 years before >5 years before

Figure. Tdap Vaccinations Received During Pregnancy From January 1, 2007, Through
November 15, 2013, Recorded in 7 Vaccine Safety Datalink Sites

Tdap indicates tetanus, diphtheria, and acellular pertussis.

a Singleton pregnancies.

b Not live birth includes stillbirth, spontaneous abortion, therapeutic abortion, trophoblastic
disease, ectopic pregnancy, and unknown outcomes.

JAMA. Author manuscript; available in PMC 2019 June 20.



Page 13

Sukumaran et al.

Author Manuscript

"(919 ‘sissniiad Jejnjaoe pue SpPIOX0) snuels) pue eLiayydip :p1oxo) snueia) ‘eliayiydip snuels) ‘al) saulddeA snueys) dep | -uou yim uengoon

'suoneardwod wnyedaiue Jo ‘einaid vluaded ‘uondnige euade|d ‘abeysiowsay wnyedaiue ‘siUOIULER ‘SauRIqUaW 40 ainydnl
ainyewsald ‘soluwrelpAyobijo ‘sotuwreipAyAjod ‘yuswabeuew feussyew Bunoaye swajqold jeiuadeld Jo [e1a) ‘luswabeuew [eulsrew Bunodaye Aljewsoude [ela) :sasoubelp Buimoljoy ays Jo Aue mwcs_oc_u

“BLUYISE 10 ‘9seasip JejnaseAolpled ‘sajagelp ‘Aoueubald ul uoisusladAy Jo aouasald

q

"Xapu| uonezijnn ased |ereuaid Jo Aoenbapy %onydje103f uo paseq ated jereuald snid ayenbape 1o mgm:cmn,qm

'sissnyad Jejnjjaoe pue ‘euayiydip ‘snueis) ‘dep] :UONRIABIGQY

dep 8u1d0eA SnuBle) JoLid

100> ) 1292 (g8) TTS8 (v6) zvsy p
onealjdwoo Aoueuba
L (€5) G952 (29) ogzs (9152 oUoNERN 0D AdURBaId
Alpigiowod Jeulsre
£0° (1€) v6EY (0€) 9562 (62) €8€T g™ IPLISIEN
ee (€9) 9668 (z9) 6219 (9) zT0E KoueuBaud ul sau1d3eA J8YIO
aleo [ereuald ayenbs)
10 (eL) Zvs 0T (e1) vzeL (SL) 629¢ P B Henbapy
100> (ov-1) L2 (Tv-1) 0E (6e-T) 0g >m ‘(abues) ueaw ‘dep e abe [euonelsen
100> (8'66-09) 6'€9 (5°001-0'9) 29 (6°66-09) 86V ow ‘(sbues) uesw ‘Koueubeid oy Joud uswijoiul
100> (87-v1) 8'8¢2 (67-¥T) L'0€ (6v—ST) 5°0¢ A ‘(aBuel) ueaw ‘abe [eussreN
anfeA d (v ¥T =u) (6666 = U) (zT87 = L) a|qelIen
(joxu09) 5< [ >

A‘uoireurdde) buiureluod-snuels] Jolid aduls swi ]

(%) "ON

‘TalqeL

Author Manuscript

€T0Z ‘ST JaquianoN ybnoly L ‘200z ‘T Arenuer Wwol4 seNs yuljereq
A19JeS 2UI298A 8U1 Ul Papi02ay SN1elS uoijeulddeA Aq Aoueubaid Buling depl paaIaoay Oyan Uswopn 1ueubald Jo sonsiialoeley) alydesbowaq palos|as

Author Manuscript

Author Manuscript

JAMA. Author manuscript; available in PMC 2019 June 20.



Page 14

Sukumaran et al.

'910J8( SIeaA G UBY) 310w snuels) Jorid + dep ] ynm pasedwod 810§aq SIeakg 0} g snuels} Jond + dep

7/

"$X99M U1 UOITRUIDIRA e a6k [euonelsab pue aiis yuljereq A1a4esS aUIDIBA 10} mczm:.—u«w

'810J3q SJeaAg Uey) alow snueidy Joud + dep | yim pasedwod 810430 SIeakg uey sse| snueisy Jond + dep

'sissnyad Jeynjjaoe pue ‘euayydip ‘snues) ‘dep] :uoneinsIqqyY

q

“uswom Qoo 0TJed s,

(Lvz-990)82T (607-650)TTT  (95C-0v'0) TOT (002—€€0) T80 €T 2z 0.1 VAR 9 pL-0
(s6'1-1€°0) 2.0 (€5T-920)€90  (0c2-TT0) 60 (29'T-60°0) LE0  T'TT 91 0L L A% 4 p €-0
uonaeay [ed07
(08v-ze0) ezt (ev-1€00STT  (LT/L¥20)2eT (F1'9-€2°0)6T'T ge S (0h4 14 A% 4 p -0
(e18-900) 120 (16'2-200) 220 (Sv'8T-€T0)SST  (¥9T-¥T°0) 6V'T 7T [ 01T T 1C T pe-0
uonoeay a1bIa| |
(087-€00) 120 (66T-€0°0) ¥2'0  (99°9-6€70) T9T  (96'G—L€0) 6V'T A7 9 01T T 29 € pL-0
(£L'6-200)99°0  (0T'S-20°0) 09°0 ge S 0 0 12 T p €-0
JEVEE|
paisnipy paisnipeun ._paisnlpy paisnipeun aley  Swsned aley  sjpualed aley Swualed  awW02INQ
po p oq a € jJooN © jooN © J0 'ON
103U0] SA A G—¢ j013u0] sAAz> revT =U) (6666 = U) (ctey = u)
(lonu02) 6< g-—¢ >

(1D %56) Ys1d anire|ay

A TUoIRUIO0R/ BUIUIEIUOD-SNUe]s] 1011d 80UlS sl

Author Manuscript

uoI1euIodBA Bululeluo)-snuela] JolLid 32uls [eAlsu] Ag Aoueubald ul uoneulddeA depl Buimo]jo4 sswodnQ a1ndy

‘¢ slqeL

Author Manuscript

Author Manuscript

Author Manuscript

JAMA. Author manuscript; available in PMC 2019 June 20.



Page 15

Sukumaran et al.

"Xas pue abe [euonelsab 1oy ajnusalad YIQT Sy} UBY) SS3| JO Em_m\,\v

"6 0052 ueyy ssaj 4o yBrom st_m_m

"SY99M /€ UeY) $s3| Jo abe _mco_zummo\V

'810J3( SJe8A G Uey) aiow snuelsl Jord + dep ] yum pasedwod 8104aq sieak G 01 Z snueysy Joud + dep, _.u

"abe [eussrew pue

‘uoiyeardwod AoueuBaid ‘ANpIGIOWIOD [euIdYeW ‘Xapul UOIIezZI|IN aJed [ereuald ‘(Syluow ur) Juswijolus Jo yibua| ‘aus Mulfeleq Alajes aulddeA ‘syaam Ul uoijeuldoden dep e abe [euoneisab Joy mczm:._c,qq

'81043q SJeak G eyl aiow snuelsl Jold + dep ] yum pasedwod a104aq SIeak Z uey sse| snueis) Jond + %U.{

'sissnyad Jenjaoe pue ‘erayydip ‘snuelsy ‘dep | :uoneINSIqQY

abe jeuoneisab Joy |[ews

(90'1-28'0)96'0 (S0'T-28'0) 960 (€T'T-28'0)66'0 (2T'T-/8°0) 66°0 (1'6) 966 (2'8) 629 (06) 862 4
Bi1a 0
(8TT-680) €0T  (90T-18°0) €60 (Z€T-26'0) OTT  (OT'T-80) 260 (1'5) £v5 ) zve ('p) 95T MPIM LIQ MO
A

(6T T-v6'0)90T (S0T-¥8'0) ¥6'0 (¥€T-86'0)ST'T (2T’ T-¥8°0) L6°0 (8'9) €zL ('9) 09v (99) 812 plONISP LIsIeld

o,nusms.—? JPessnipeun Qdusws.s,q ePeisnipeun (ee9 0T =) (9zeL =u) (etee =u) 3wWoaNQO

(1043u02) < o4 >
0NuUoD SAAG—¢ |043u0D SA A Z>

(1D 9G6) MIsid oAelad K UOIFeUIdIeA PUIURIUOD-SNUBISL J01id 30UlS ol

(%) 'ON

uoI1euIdaBA Bululeluo)-snuerIa] JolLld 32ulS [eAlsiu] Aq Aoueubald ul uoneulddeA depl Buimojjo4 SawodINQ Yyuig asIanpy

‘€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

JAMA. Author manuscript; available in PMC 2019 June 20.



	Abstract
	Table T4
	Methods
	Study Population
	Study Design
	Outcome Measures
	Statistical Methods

	Results
	Acute Outcomes
	Birth Outcomes

	Discussion
	Conclusions
	References
	Figure.
	Table 1.
	Table 2.
	Table 3.

