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Abstract

Background: Maternal obesity is associ-
ated with stillbirth, but uncertainty per-
sists around the effects of higher obesity
classes. We sought to compare the risk
of stillbirth associated with maternal
obesity alone versus maternal obesity
and additional or undiagnosed factors
contributing to high-risk pregnancy.

Methods: We conducted a retrospective
cohort study using the Better Outcomes
Registry and Network (BORN) for single-
ton hospital births in Ontario between
2012 and 2018. We used multivariable
Cox proportional hazard regression and
logistic regression to evaluate the rela-
tionship between prepregnancy mater-
nal body mass index (BMI) class and
stillbirth (reference was normal BMI).

We treated maternal characteristics and
obstetrical complications as independ-
ent covariates. We performed mediator
analyses to measure the direct and
indirect effects of BMI on stillbirth
through major common-pathway com-
plications. We used fully adjusted and
partially adjusted models, representing
the impact of maternal obesity alone
and maternal obesity with other risk
factors on stillbirth, respectively.

Results: We analyzed data on
681178 births between 2012 and 2018,
of which 1956 were stillbirths. Class |
obesity was associated with an
increased incidence of stillbirth
(adjusted hazard ratio [HR] 1.55, 95%
confidence interval [CI] 1.35-1.78). This

association was stronger for class IlI
obesity (adjusted HR 1.80, 95% CI
1.44-2.24), and strongest for class Il
obesity (adjusted HR 2.17, 95% CI
1.83-2.57). Plotting point estimates for
odds ratios, stratified by gestational
age, showed a marked increase in the
relative odds for stillbirth beyond
37 weeks’ gestation for those with
obesity with and without other risk
factors, compared with those with nor-
mal BMI. The impact of potential medi-
ators was minimal.

Interpretation: Maternal obesity alone
and obesity with other risk factors are
associated with an increased risk of still-
birth. This risk increases with gesta-
tional age, especially at term.

The relationship between maternal obesity and stillbirth has
been well established.!* Compared with pregnant people with
normal body mass index (BMI), those with obesity (BMI = 30.0)
have 2-5 times the risk of stillbirth.2*> Studies have shown
increased hazard ratios (HRs) for stillbirth with advancing gesta-
tional age in pregnancies affected by obesity.? In addition to BMI,
sociodemographic, lifestyle and obstetric factors, and pre-
existing health conditions have also been identified as important
risk factors for stillbirth.>®

Previous studies have evaluated several risk factors for still-
birth and have explored the impact of obesity on stillbirth risk by
gestational age.>> Little literature, however, has explored the
relationship between obesity and stillbirth by gestational age
while controlling for possible confounding variables and analyzing

for potential mediators. The impact of higher obesity classes on
the stillbirth rate should also be assessed, as should differences in
stillbirth risk for those with obesity alone versus those with obes-
ity and additional or undiagnosed factors contributing to high risk
for stillbirth. Sometimes people with obesity have pre-existing
conditions not yet diagnosed in early pregnancy, such as pre-
gestational diabetes or chronic hypertension, which contribute to
stillbirth risk. Diabetes or hypertension diagnosed during preg-
nancy, but before 20 weeks’ gestation, constitute pre-existing
conditions, rather than gestational illnesses.” Pregnant people
may develop complications, such as fetal growth restriction, only
after the initial pregnancy visit. Certain complications, such as
preeclampsia, are diagnosed after 20 weeks’ gestation and also
increase stillbirth risk. Those with obesity are more likely to have
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these pre-existing conditions and develop pregnancy complica-
tions, compared with those with normal BMI. Determining still-
birth risk among those with obesity and other risk factors for still-
birth may be useful for early pregnancy counselling around
obstetrical risks and complications, as well as discussions around
optimal timing of delivery.

We aimed to evaluate the effect of BMI on risk of stillbirth by
gestational age groups, analyzing for potential confounders and
possible mediators. We sought to determine the risk of stillbirth
among pregnant people with obesity, either adjusting or not
adjusting for other risk factors, compared with pregnant people
with normal BMI.

Methods

We conducted a population-based, retrospective cohort study
using data from the Better Outcomes Registry and Network
(BORN), a validated database that includes antenatal, intra-
partum, postpartum, and neonatal outcome data on births in
the province of Ontario, Canada, that occurred after
20 weeks’ gestation.®"** We included singleton pregnancies
delivered at 20 weeks’ gestation or later or a birth weight of at
least 500 g in an Ontario hospital between Apr. 1, 2012, and
Dec. 31, 2018. We excluded terminations of pregnancy after
20 weeks’ gestation.

The primary outcome was stillbirth, defined as fetal death at
20 weeks’ gestation or at a birth weight of at least 500 g.!2 The
primary exposure was prepregnancy BMI, classified into the fol-
lowing 6 categories: underweight (< 18.5), normal (18.5-24.9),
overweight (25.0-29.9), class | obesity (30.0-34.9), class Il obesity
(35.0-39.9), and class Il obesity (BMI = 40.0), with normal BMI as
the reference. We analyzed gestational age in completed gesta-
tional weeks, grouped to reserve sufficient power and maintain
clinical interpretability (20-23, 24-27, 28-31, 32-35, 36, 37, 38,
39, 40, = 41 wk).

Statistical analysis
We performed statistical analyses using SAS version 9.4 (SAS
Institute). We presented maternal characteristics by BMI cat-
egory and by stillbirth versus live birth. We described stillbirths
overall and by antepartum versus intrapartum occurrence, and
described the frequencies of maternal, fetal, and obstetrical
complications for the overall stillbirth population and for each
BMI category. Complications included hypertensive disorders of
pregnancy, gestational diabetes, small-for-gestational-age
(SGA) infants (< 10th and < 3rd percentiles), placental abruption,
and fetal and neonatal congenital anomalies.>® We removed
cases with missing values for any of these variables from the
cohort. To assess the potential bias of the study results because
of missing values, we performed a sensitivity analysis, compar-
ing the study cohort to the cohort with missing values for the co-
variates, calculating standardized differences between the
groups, using a value of more than 0.1 to indicate an imbalance
between the groups.

We used multivariable Cox proportional hazard regression
analysis to examine the relationship between BMI class and

stillbirth while controlling for potential confounders. The time
variable was gestational age in weeks at birth. The time to
event was stillbirth and we censored live birth at the gesta-
tional age at birth. We included all pregnancies in 1 model with
a single HR estimate for each group in comparison to the nor-
mal BMI group. We also used a logistic regression model to
examine the gestational age-specific odds ratios (ORs) and 95%
confidence intervals (Cls) for stillbirth, with a separate model
fitted for each gestational age group. In the logistic regression
model, stillbirth was a dichotomous outcome, stratified by the
gestational age group. We compared the risk of stillbirth among
the births within each specific gestational age group. We plot-
ted point estimates by gestational age to assess the relative
increases in OR with advancing gestation for each obesity class,
compared with normal BMI.

We calculated fully adjusted and partially adjusted HRs and
their 95% Cls for stillbirth for pregnant people with over-
weight, class I, class Il, or class Il obesity, with those with nor-
mal BMI as the reference. The fully adjusted model accounted
for identified possible confounders associated with stillbirth,
including maternal age greater than 35 years, nulliparity, any
smoking, low median family income quintile, substance use,
artificial reproductive technologies, chronic hypertension, pre-
gestational diabetes, other pre-existing health conditions, pre-
vious stillbirth, previous cesarean delivery, antenatal care pro-
vider, SGA (< 10th percentile), gestational diabetes,
hypertensive disorders of pregnancy, placental abruption, and
congenital fetal anomalies. The partially adjusted model
adjusted for demographic characteristics and variables reli-
ably known or already diagnosed in early pregnancy; we did
not adjust for smoking, substance use, chronic hypertension,
pre-gestational diabetes, previous stillbirth, SGA, gestational

Singleton births in Ontario delivered at
birthweight of = 500 g or = 20 wk gestation

between Apr. 1, 2012, and Dec. 31,2018
n =904 176

— Excluded n=222998
« Missing BMI n=105 275
« Missing gestational age n =35
« Missing data on maternal
characteristics n=117 688

All births
n=681178

Live births
n=679 222

Stillbirths
n=1956

Figure 1: Study flowchart. Intentional terminations were not included in
the cohort. BMI = body mass index.
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diabetes, hypertensive disorders of pregnancy, placental
abruption, and congenital fetal anomalies, because they may
be diagnosed only later in pregnancy. We also applied full and
partial adjustments to the logistic regression model.

We conducted mediation analyses based on the counter-
factual framework to estimate natural direct and indirect asso-
ciations for major potential mediators,** including SGA below
the 10th and 3rd percentiles, preterm birth, and hypertensive
disorders of pregnancy. We show the conceptual causal path-
way, demonstrating the interplay of mediating and confound-
ing effects toward the outcome, in Appendix 1, Supplemental
Figure 1, available at www.cmaj.ca/lookup/doi/10.1503/
cmaj.221450/tab-related-content.

Ethics approval
This study was approved by the Ottawa Health Science Network
Research Ethics Board (no. 20180126-01H).

Results

We included 681178 eligible births in the final analysis; there
were 1956 (0.29%) stillbirths (Figure 1). Those with obesity had
increased parity, lower median family income, and higher rates
of smoking than those with normal BMI (Table 1). Stillbirths
occurred more commonly in pregnant people with obesity, nulli-
parity, smoking, lower median family income, substance use,
use of artificial reproductive technologies, chronic hypertension,

Table 1: Demographic characteristics by body mass index (BMI) category among singleton hospital births in Ontario, Canada,

Apr. 1,2012, to Dec. 31,2018

No. (%) of pregnant people*

Normal Class 11
Underweight weight Overweight Class | obesity Class Il obesity obesity
Characteristic n=39782 n= 347192 n=165879 n=74951 n=32375 n=20999
Maternal age, yr, mean + SD 28.7+5.5 304 +£5.2 30.8+5.2 30.7+£ 5.3 30.7+5.2 30.6 £ 5.2
Nulliparity 20578 (51.7) 160 880 (46.3) 65501 (39.5) 27661 (36.9) 12 006 (37.1) 7803 (37.2)
Smoker 5811 (14.6) 31505 (9.1) 16 447 (9.9) 8895 (11.9) 4338 (13.4) 2987 (14.2)
Income quintile
1 (lowest) 6454 (16.2) 53398 (15.4) 30839 (18.6) 17073 (22.8) 8374 (25.9) 5866 (27.9)
2 6971 (17.5) 64 888 (18.7) 35429 (21.4) 17 509 (23.4) 8059 (24.9) 5328 (25.4)
3 8427 (21.2) 76564 (22.1) 38432 (23.2) 17 144 (22.9) 7091 (21.9) 4572 (21.8)
4 9985 (25.1) 86524 (24.9) 38507 (23.2) 15258 (20.4) 5998 (18.5) 3490 (16.6)
5 (highest) 7945 (20.0) 65818 (19.0) 22672 (13.7) 7967 (10.6) 2853 (8.8) 1743 (8.3)
Substance exposure 1718 (4.3) 7665 (2.2) 3103 (1.9) 1517 (2.0) 675 (2.1) 463 (2.2)
Assisted reproductive 808 (2.0) 10863 (3.1) 5769 (3.5) 2988 (4.0) 1420 (4.4) 953 (4.5)
technology
Pre-existing conditions
Chronic hypertension 72(0.2) 1222 (0.4) 1389 (0.8) 1240 (1.7) 782 (2.4) 817 (3.9)
Pre-gestational diabetes 109 (0.3) 1743 (0.5) 1718 (1.0) 1360 (1.8) 871 (2.7) 762 (3.6)
Other 6451 (16.2) 51350 (14.8) 27892 (16.8) 15102 (20.2) 7557 (23.3) 5511 (26.2)
Obstetrical history
Stillbirth 324 (0.8) 3390 (1.0) 2250 (1.4) 1169 (1.6) 534 (1.7) 365 (1.7)
Cesarean delivery 3553 (8.9) 42239 (12.2) 28095 (16.9) 14 827 (19.8) 7078 (21.9) 5044 (24.0)
Antenatal care
Family physician 3741 (9.4) 34859 (10.0) 17422 (10.5) 7875 (10.5) 3224 (10.0) 1949 (9.3)
Obstetrician 24152 (60.7) 193 014 (55.6) 92 843 (56.0) 41526 (55.4) 17 652 (54.5) 11 879 (56.6)
Family physician and 5585 (14.0) 51443 (14.8) 26262 (15.8) 13091 (17.5) 6318 (19.5) 4327 (20.6)
obstetrician
Midwife 5457 (13.7) 61080 (17.6) 26 031 (15.7) 10 800 (14.4) 4415 (13.6) 2330 (11.1)
None 145 (0.4) 1046 (0.3) 433(0.3) 203 (0.3) 85 (0.3) 69 (0.3)
Other 702 (1.8) 5750 (1.7) 2888 (1.7) 1456 (1.9) 681 (2.1) 445 (2.1)

Note: SD = standard deviation.
*Unless indicated otherwise.
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pre-gestational diabetes, other pre-existing medical conditions,
and a history of previous stillbirth (Table 2).

About 12% of BMI data and 15% of covariate data were
unavailable (Figure 1). The sensitivity analysis showed an imbal-
ance between the study cohort and the cohort with missing val-
ues for third income quintile and non-exposure to substance use
in pregnancy, with standardized differences of 0.11 and 0.24,
respectively (Appendix 1, Supplemental Table 1A). More data

were missing for the earlier versus later years of the study
(Appendix 1, Supplemental Table 1B).

We characterized stillbirths as occurring either antepartum or
intrapartum, and by BMI category (Table 3). We observed that
individuals with class | and Il obesity were more likely to have an
antepartum than an intrapartum stillbirth, compared with those
with normal BMI. We described complication rates within the still-
birth population overall, as well as by BMI category (Table 4),1418
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Table 2: Demographic characteristics by live birth or stillbirth among singleton hospital births in Ontario, Canada, Apr. 1,

2012, to Dec. 31,2018

No. (%) of pregnant people*

Live birth Stillbirth
Characteristic n=679 222 n=1956
Maternal age, yr, mean + SD 30.4+£5.3 31.0+5.8
Nulliparity 293520 (43.2) 909 (46.5)
Smoker 69709 (10.3) 274 (14.0)
Income quintile
1 (lowest) 158909 (23.4) 579 (29.6)
2 125 482 (18.5) 366 (18.7)
3 132916 (19.6) 378(19.3)
4 157139 (23.1) 377(19.3)
5 (highest) 104 776 (15.4) 256 (13.1)
Substance exposure 15075 (2.2) 66 (3.4)
Assisted reproductive technology 22721 (3.4) 80 (4.1)
Pre-existing conditions
Chronic hypertension 5480 (0.8) 42 (2.2)
Pre-gestational diabetes 6500 (1.0) 63(3.2)
Other 166 634 (24.5) 586 (30.0)
Obstetrical history
Stillbirth 7968 (1.2) 64 (3.3)
Cesarean delivery 100 557 (14.8) 279 (14.3)
Antenatal care
Family physician 68 886 (10.1) 184 (9.4)
Obstetrician 379983 (55.9) 1083 (55.4)
Family physician and obstetrician 106 752 (15.7) 274 (14.0)
Midwife 109 748 (16.2) 365 (18. 7)
None 1968 (0.3) 13 (0.7
Other 11885(1.8) 37 (1. 9)
BMI category
Underweight 39681 (5.8) 101 (5.2)
Normal weight 346 338 (51.0) 854 (43.7)
Overweight 165 405 (24.4) 474 (24.2)
Class | obesity 74678 (11.0) 273 (14.0)
Class Il obesity 32212 (4.7) 163 (8.3)
Class Ill obesity 20908 (3.1) 91 (4.7)

Note: BMI = body mass index, SD = standard deviation.
*Unless indicated otherwise.
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Table 3: Distributions of antepartum versus intrapartum stillbirths by body mass index (BMI) category among singleton

hospital births in Ontario, Canada, Apr. 1, 2012, to Dec. 31,2018

No. (%) of stillbirths
Antepartum Intrapartum Total stillbirths
BMI category n=1606 n=350 n=1956
Underweight 91(90.1) 10 (9.9) 101
Normal weight 684 (80.1) 170 (19.9) 854
Overweight 389 (82.1) 85 (17.9) 474
Class | obesity 233(85.3) 40 (14.7) 273
Class Il obesity 137 (84.0) 26 (16.0) 163
Class Ill obesity 72 (79.1) 19 (20.9) 91

Table 4: Obstetrical complications associated with stillbirth by body mass index (BMI) category among singleton hospital

births in Ontario, Canada, Apr. 1, 2012, to Dec. 31,2018

No. (%) of stillbirths*t

Normal Class| Class|l Class il Total

Underweight weight Overweight obesity obesity obesity stillbirths
Variable* n=101 n=854 n=474 n=273 n=163 n=91 n=1956
Hypertensive disorders of <6 35 (4.1) 27 (5.7) 26 (9.5) 20 (12.3) 9(9.9) 122 (6.2)
pregnancy
Gestational diabetes <6 25 (2.9) 26 (5.5) 20 (7.3) 21 (12.9) 8(8.8) 101 (5.2)
SGA < 10th percentile 43 (42.6) 295 (34.5) 155 (32.7) 88 (32.2) 44 (27) 37 (40.7) 662 (33.8)
SGA < 3rd percentile 23 (22.8) 178 (20.8) 92 (19.4) 58 (21.3) 26 (16) 28 (30.8) 405 (20.7)
Placental abruption 12 (11.9) 74 (8.7) 37(7.8) 14 (5.1) 7(4.3) <6 146 (7.5)
Fetal or neonatal 7(6.9) 91 (10.7) 67 (14.1) 24 (8.8) 19 (11.7) 12 (13.2) 220 (11.3)

congenital anomalies

Note: SGA = small for gestational age.
*Small cells suppressed for privacy.

tApproximate rates for these complications in the general pregnant population in Canada are as follows: gestational diabetes: 7% in 2014;' hypertensive disorders of
pregnancy: 7% in 2016;*° SGA < 10th percentile: 8% in 2016;° placental abruption: 10%-12% in 2008;" congenital anomalies: 4%-4.5% in 2009.%

and observed higher rates of growth-restricted fetuses and con-
genital anomalies in the stillbirth cohort than in the general preg-
nant population in Canada. Stillbirths among pregnant people in
the higher obesity classes were associated with a greater propor-
tion of hypertensive disorders of pregnancy and gestational dia-
betes, compared with stillbirths among those with normal BMI.

We show the fully adjusted and partially adjusted hazard
ratios (HRs) with 95% Cls for stillbirth by obesity class in Figure 2
(also shown numerically in Appendix 1, Supplemental Table 3).
Obesity was strongly associated with increased risk of stillbirth in
both models. Figure 2 shows that the HRs and Cls between the
fully adjusted and partially adjusted models were similar within
each obesity class. The highest risk of stillbirth was observed
among pregnant people with class Il obesity.

Figure 3 shows the ORs and 95% Cls from the multivariable
logistic regression analysis for stillbirth for each obesity class for
10 gestational periods between 20 weeks’ and 41 or more weeks’
gestation. Among people with class | obesity, increased ORs for
stillbirth became statistically significant at 39 weeks’ gestation,

double the risk of stillbirth compared with those with normal
BMI. For obesity classes Il and Ill, stillbirth risk at 36 weeks’ ges-
tation was 2-2.5 times that of people with normal BMI. Among
people with class Il obesity, the highest ORs for stillbirth
occurred at 38 weeks’ gestation (3-3.5 times higher than those
with normal BMI) and at 40 weeks’ gestation (4-4.5 times higher
than those with normal BMI). The highest ORs for stillbirth
among those with class Il obesity were seen around the same
gestational ages as the class Il group, and were further increased
at 41 or more weeks’ gestation.

Figure 4 shows the OR of stillbirth over the 10 gestational per-
iods for other major risk factors for stillbirth. For chronic hyper-
tension and pre-gestational diabetes, risk of stillbirth peaked at
38 weeks’ gestation with ORs of 2.4 (95% CI 1.0-5.7) and 2.1 (95%
Cl 1.1-4.3), respectively. For comparison, at 38 weeks’ gestation,
people with class Il and Il obesity had higher risk of stillbirth,
with fully adjusted ORs of 3.5 (95% CI 2.2-5.6) and 2.6 (1.4-4.8),
respectively (Figure 3). Among people with chronic hypertension
or pre-gestational diabetes, we observed a drop in the OR for
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Figure 2: Fully adjusted and partially adjusted hazard ratios (HRs) and 95% confidence intervals (Cls) for stillbirth among pregnant people in maternal obesity
classes |, Il, and I, compared with those with normal body mass index, among singleton hospital births in Ontario, Canada, Apr. 1, 2012, to Dec. 31, 2018. The
fully adjusted Cox regression model is adjusted for maternal age older than 35 years, nulliparity, smoking, low income quintile, substance use, use of artificial
reproductive technologies, chronic hypertension, pre-gestational diabetes, other pre-existing health conditions, previous stillbirth, previous cesarean delivery,
antenatal care, small for gestational age (< 10th percentile), gestational diabetes, hypertensive disorders of pregnancy, placental abruption, and congenital fetal
anomalies. The partially adjusted Cox regression model is adjusted for maternal age older than 35 years, nulliparity, low income quintile, use of artificial repro-
ductive technologies, other pre-existing health conditions (not including chronic hypertension and pre-gestational diabetes), previous cesarean delivery, and
antenatal care (representing the population with additional or undiagnosed high-risk pregnancy factors).

stillbirth after 38 weeks’ gestation (Figure 4). For class Il and 11l
obesity, however, we observed an even higher OR for stillbirth at
40 weeks’ gestation than at 38 weeks’ (Figure 3).

Mediation analyses showed that, compared with normal BMI,
preterm births and hypertensive disorders mediated 21% and
5% of the partially adjusted associations between obesity and
stillbirth, respectively, and 12% and 1% of the fully adjusted
associations. Having an SGA infant had a negative effect in medi-
ator analysis, with SGA below the 10th percentile found to have a
statistically significant indirect effect. We present the breakdown
of direct, indirect and total effects for each of these mediators in
Appendix 1, Supplemental Table 2.

Interpretation

Pregnant people with obesity, particularly those in the highest
obesity classes, have greater overall risk of stillbirth than those
with normal BMI, especially with advancing gestational age,
after controlling for possible confounders, either fully or par-
tially adjusting to reflect that some risk factors may be undiag-
nosed at the first pregnancy visit. We found small mediating

effects of preterm birth and hypertensive disorders on the com-
mon pathway to stillbirth, not reaching a level that implied
clear, definitive influence. Conversely, having an SGA infant had
a negative effect in the mediator analysis, possibly related to
increased clinical surveillance of SGA fetuses, which success-
fully mitigated the increased risk of stillbirth associated with
this complication.

Given the persistently increased risk of stillbirth with obesity
alone, as well as with obesity with risk factors, those with addi-
tional risk factors may benefit from timely referral and greater
surveillance closer to term; additional risk factors may also war-
rant earlier delivery. Chronic hypertension and pre-gestational
diabetes had peak stillbirth risks at 38 weeks’ gestation. This
compares with a stillbirth risk ratio (which approximates OR for
rare outcomes such as stillbirth) of about 1.3 in the general
pregnant population at the same gestational age.” The subse-
quent drop in risk after 38 weeks for chronic hypertension and
pre-gestational diabetes is likely related to clinical practice rec-
ommendations to deliver pregnant people with these conditions
around 38-39 weeks’ gestation.?*?! The increase in risk of still-
birth with class Il and Ill obesity at 38 weeks’ gestation was
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Figure 3: Fully adjusted and partially adjusted odds ratios (ORs) and 95% confidence intervals (Cls) for stillbirth by gestational age among pregnant
people in maternal obesity classes I, Il, and Ill, compared with normal body mass index, among singleton hospital births in Ontario, Canada, Apr. 1,
2012, to Dec. 31, 2018. Note the change in gestational age interval between 32-35 and 36 or more weeks. A separate model was fitted for each gesta-
tional age group. The fully adjusted logistic regression model is adjusted for maternal age older than 35 years, nulliparity, smoking, low income quin-
tile, substance use, use of artificial reproductive technologies, chronic hypertension, pre-gestational diabetes, other pre-existing health conditions,
previous stillbirth, previous cesarean delivery, antenatal care, small for gestational age (< 10th percentile), gestational diabetes, hypertensive disorders
of pregnancy, placental abruption, and congenital fetal anomalies. The partially adjusted logistic regression model is adjusted for maternal age older
than 35 years, nulliparity, low income quintile, use of artificial reproductive technologies, other pre-existing health conditions (not including chronic
hypertension and pre-gestational diabetes), previous cesarean delivery, and antenatal care (representing the population with additional or undiag-

nosed high-risk pregnancy factors).

higher than the increase in risk associated with chronic hyper-
tension and pre-gestational diabetes. The increase in risk of
stillbirth among those with class Il and 11l obesity was higher still
at 40 weeks’ gestation.

Given that current national guideline recommendations
around timing of delivery among those with chronic hyperten-
sion and pre-gestational diabetes are based on a level of risk tol-
erance for stillbirth in these populations that is lower than the
level of risk seen among people with class Il and Il obesity at the
same gestational age, delivery before 40 weeks’ gestation may
be warranted among those with obesity. Although we noted
lower ORs for stillbirth among those with class Il obesity at 37
and 39 weeks’ gestation, these were likely owing to smaller sam-
ple sizes, reflected in the wider 95% Cls. The tighter 95% Cls
noted among those with class | obesity (Figure 3) were likely
owing to the larger sample size. Our findings suggest that
delivery around 39 weeks’ gestation for pregnant people with
class | obesity and 38 weeks’ gestation for pregnant people with
class Il or Il obesity may help mitigate the risk of stillbirth.

Additional analysis of neonatal outcomes for delivery at
these gestational ages may solidify such recommendations. A
retrospective population-based study using BORN data, evaluat-
ing timing of delivery for pregnant people with isolated chronic
hypertension, showed delivery at 38-39 weeks’ gestation
reduced the risk of superimposed preeclampsia and associated
maternal and perinatal complications, including stillbirth, with-
out increasing the rate of cesarean delivery.? Given the many

other indications for earlier term delivery, it would not be
unreasonable to plan for early-term delivery among pregnant
people with class Il and Il obesity, particularly those with addi-
tional risk factors.

Studies have shown that obesity is an independent risk factor
for stillbirth.>® A 2014 decision analysis suggested that 38 weeks’
gestation may be the optimal gestational age for delivery among
pregnant people with obesity, such that 203 stillbirths would be
prevented, compared with expectant management until
41 weeks’ gestation.? Our study findings support this recommen-
dation for those with class Il and Il obesity, in particular. When
accounting for gestational age, maternal weight gain and mater-
nal diseases of pregnancy, pregnant people with a BMI of 30 or
higher have been found to have 3.5 times the risk of stillbirth at
37-39 weeks’ gestation and 4.6 times the risk at 40 weeks’ gesta-
tion or more, compared with those with normal BMI.2

Yao and colleagues* showed that the risk of stillbirth
increased at 39 weeks’ gestation among pregnant people with
obesity, compared with those with normal BMI. Nearly 25% of
stillbirths that occurred between 37 and 42 weeks’ gestation
were associated with obesity, although these findings were not
adjusted for confounders. A later study from Yao and col-
leagues® suggested that expectant management of pregnant
people with obesity at term was associated with a higher risk of
perinatal mortality, compared with those with normal BMI. How-
ever, in the latter study, obesity class Il and Il were not sepa-
rately analyzed, other confounders were not controlled for and
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Figure 4: Odds ratios (ORs) and 95% confidence intervals (Cls) for stillbirth by gestational age for select major pre-existing maternal risk factors among
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pregnant people with pre-existing hypertension and diabetes
were excluded.

The reduction in risk of stillbirth that we saw at 39 weeks’ ges-
tation among pregnant people with class Il and Il obesity may be
attributed to delivery for anticipated development of pregnancy
complications between 38-39 weeks’ gestation, with higher risk
of stillbirth among those delivering beyond this time. Given the
overall lower ORs for stillbirth among those with class Il obesity
compared with those with class Il obesity, clinical anticipatory
intervention may already be occurring for pregnancies in the
highest obesity category. Further research evaluating different
hospital practices around surveillance and delivery planning in
this population is needed.

We anticipated a greater proportion of antepartum than intra-
partum stillbirths in the higher BMI categories based on both the
higher prevalence of comorbidities that increase the risk of ante-
partum stillbirth, as well as the proinflammatory state of obes-
ity?® and its possible effects on placental function,?-*® maternal
nutrition, and increased risk of antepartum rather than intra-
partum complications. Given that increased BMI is often an indi-
cation for continuous fetal monitoring, more intrapartum still-
births may have been prevented in this population. In terms of
assessing antepartum stillbirth specifically, Stephansson and
colleagues? showed an approximate doubling in antepartum
stillbirth for pregnant people with increased BMI compared with
those with normal BMI; we also found more antepartum still-
births but not to the same degree.

Limitations

Stillbirth is an uncommon outcome, and stratified analysis
across subgroups of gestational age and BMI had limited power.
We approximated the method described by Joseph and Kramer
to calculate fetuses-at-risk, representing survival analysis from a
fetal perspective, using a Cox model.3%3! One limitation of this
method is that the same degree of risk is assumed across gesta-
tional age, which may not be true for our study population. We
therefore also used a logistic regression model to generate point
estimates for ORs for stillbirth, stratifying for gestational age, to
circumvent the issue of proportional hazard assumptions, as well
as small sample sizes within each gestational age grouping. We
did not include data on race, ethnicity, immigration status and
maternal education because these are incompletely captured in
the BORN dataset. We did not have information specifying the
gestational age at which pregnancy complications developed.
Although BMI data were obtained from a combination of clinical
assessment and self-report, self-reported and measured values
for BMI have been shown to be highly correlated.3?3* A recent
study found that the under-reporting of weight averages 2 lbs
overall and about 5-7 lbs in the higher obesity classes, which,
when converted to BMI, represents a small measurement error.*
For most people, this does not affect BMI categorization.®* Analy-
sis of most of the covariates as dichotomous may also have
imperfectly captured their influence on stillbirth risk. Data for
BMI and covariates were missing in 12% and 15% of pregnancies,
respectively, with more data missing in earlier years. Supple-
mental analysis showed that the study cohort and the cohort

with missing data were not different for most of the covariates,
suggesting that the data were likely missing at random rather
than because of bias, limiting the impact of the missing values on
our study findings. We did not restrict analysis to later years,
given the relatively small sample size.

Conclusion

Our results showed that maternal obesity was associated with an
increased risk of stillbirth, particularly at term. This association
remained strong after partial adjustment for additional risk fac-
tors for stillbirth known to be prevalent in the obese population.
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