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Overview:

In its 2016 report entitled “Advancing the health of mothers in the 21 century”, the Center for
Disease Control and Prevention stated that an increasing number of pregnant women in the United
States have chronic conditions such as high blood pressure, diabetes, or heart disease that may put
them at risk of pregnancy complications or death. These preexisting medical conditions which
have the potential to cause harm to the mother or the baby or both during pregnancy constitute an
important cause of “high risk pregnancies” along with gestational causes such as gestational
diabetes, hypertensive disorders of pregnancy or multiple gestation. Though, it is estimated that
high risk pregnancies constitute less than 10 percent of all pregnancies, they are associated with
significant healthcare costs. Pre-gestational diabetes is a leading cause of high-risk pregnancy.
Women with pre-gestational diabetes have poor maternal and fetal outcomes and higher rates of
hospitalizations. These high rates of health care utilization consequently lead to increased health

care cost. However, data regarding risk factors associated with these trends is limited.

Further, as an adjunct to conventional care, there is growing public and scientific interest in the
potential role of complementary practices such as yoga in improving outcomes in high risk
pregnant women. This is evident by the growing number of medical centers around the country
offering prenatal yoga programs. However, the attitudes and knowledge of yoga therapy in high
risk pregnant women is not well understood. We propose two individual studies in high risk

pregnant women with the following aims: -

Aim 1: To identify predictors of increased antepartum hospitalization in pregnant women with

diabetes through a single center, six-year retrospective cohort study.



Aim 2: To study the attitudes and knowledge of prenatal yoga including barriers and facilitators

of practicing prenatal yoga in high risk pregnant women.



Paper 1: Predictors of antepartum admission in diabetes
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Abstract

Objective: Diabetes is associated with increased healthcare utilization and cost in pregnant
women. We sought to investigate the predictors of antepartum hospitalization in pregnant women

with diabetes.

Methods: We performed a retrospective review of women with pre-gestational diabetes who
received care in a multidisciplinary program for diabetes in pregnancy at Brigham and women’s
hospital from 2006-2011. Our primary outcome was antepartum hospitalization, with a secondary
measure of length of stay. We modeled the multivariate odds of hospitalization prior to delivery

using logistic regression.

Results: We identified 244 women of whom 103 (42.2%) were hospitalized antepartum. The
median (IQR) length of stay was 2 days (+2 days). There was no difference in age, race or pre-
pregnancy body mass index (BMI) between women who were admitted and those who were not.
Women who were admitted had a higher first Hemoglobin Alc in pregnancy (median of 7.85 +
2.75% vs 6.55 + 1.48%). In a multivariate model, markers of preconception health including first
hemoglobin Alc in pregnancy (adjusted odds ratio[aOR] 1.5, 95% CI 1.24-1.81, p<0.001),
smoking (aOR 4.02, CI 1.25- 12.90, p=0.019) and chronic hypertension (aOR 2.05, 95% CI 1.03-
4.05, p= 0.03) were associated with increased odds of antepartum admission. First hemoglobin

Alc in pregnancy was also associated with increased length of stay prior to delivery (beta=0.32,

95% CI 1.15- 5.87, p=0.004)

Conclusion: In our study, glycemic control, smoking and chronic hypertension prior to pregnancy
were associated with antepartum hospitalization, highlighting the importance of preconception

health for reproductive-aged women with diabetes.



Introduction:

Diabetes is associated with adverse maternal and fetal outcomes in pregnancy, resulting
in antenatal hospital admissions, complex delivery hospitalizations and high utilization of
healthcare resources relative to women without chronic medical conditions during pregnancy
(1,2,3). Among women with pre-pregnancy diabetes, at least 20% develop hypertensive
complications (4). These women are at risk of delivering preterm with a high percentage of infants
at term also requiring Neonatal intensive care unit (NICU) admission. Possible reasons for poor
outcomes in this population include poor glycemic control prior to pregnancy, poor glucose control

during pregnancy or pre-existing medical conditions such as hypertension (2).

In 2008, total costs of hospitalization for all diabetes in pregnancy were estimated to
be over $1.4 billion, accounting for approximately 8% of all costs associated with maternal
hospitalization. While diabetes is known to be associated with maternal and fetal complications
there are few studies looking at predictors of antenatal admission in diabetes. Knorr and colleagues
found that in mothers with type 1 diabetes, the overall incidence of hospital admissions was more
than double that of control mothers (5). They also found that higher Hemoglobin Alc levels were
associated with increased mortality. While increased risk is well documented, there is lack of

knowledge about specific predictors for admission in women with pre-existing diabetes.

The aim of this study was therefore to evaluate predictors of antepartum hospital admission
among pregnant women with diabetes. We hypothesized that there may be modifiable risk factors

that can be addressed to reduce hospitalizations.
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Methods:

We performed a retrospective chart review of women with pre-gestational and gestational
diabetes who received ambulatory care in a multidisciplinary program for diabetes in pregnancy
from 2006-2011 at Brigham and Women’s Hospital (BWH), an urban academic tertiary care
center. Patients were identified using RPDR, Partners Healthcare research query tool. 635 women
were identified of which 244 had a diagnosis of pregestational diabetes (figure 1). Additional
methods for collection of this data have been previously described in studies investigating the
disparities in care for public insured women with pregestational diabetes and effect of postpartum

contraception use on follow up of diabetes screening in patients with gestational diabetes (6,7).

Diabetes in pregnancy is a multidisciplinary program for women with gestational and
pregestational diabetes at BWH. This clinic is staffed with co-located maternal- fetal medicine
physicians, endocrinologists, diabetes nurse educator, nutritionists and social workers to provide
comprehensive care to these patients. Women receiving care as part of this program and delivering
beyond 24 weeks of gestation were included in the study. We did not include women who received
either prenatal care or pregnancy-associated endocrinology care outside of this multidisciplinary
clinic. We also excluded women with incomplete admission data (figure 1). Variables that were

missing more than 10% of data were also excluded.

Study variables are described in table 1. Data was collected on demographic and
socioeconomic factors including age, race, pre- pregnancy body mass index (BMI), level of

education (graduate level), insurance (public or private health insurance) and parity.

Data on medical and reproductive comorbidities included chronic hypertension, type of diabetes

(1 or 2), hyperlipidemia, smoking, need for assisted reproduction, glycemic control (hemoglobin
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Alc), pregestational insulin use and preconception counselling. Smoking was defined as any
smoking during pregnancy. Chronic hypertension was defined per American College of Obstetric
(ACOG) guidelines as Systolic BP > 140 or diastolic BP > 90 on two separate occasions prior to
20 weeks or a known diagnosis of chronic hypertension prior to onset of pregnancy. For purposes
of this study, a visit with a primary care provider, endocrinologist, obstetrician gynecologist, or
maternal—fetal medicine specialist who provided counseling about glycemic targets in pregnancy
or made medication changes to prepare for pregnancy was deemed a preconception care consult

(18). Additionally, data on maternal and fetal outcomes was also collected.

Our primary outcome was antepartum hospitalization, defined as at least one
hospitalization during pregnancy prior to delivery. Secondary outcomes included length of stay,
maternal and fetal outcomes. Patient level data was used to measure all primary and secondary
outcomes. Maternal outcomes included hypertensive disorder of pregnancy (HDOP), Cesarean
section, post-partum hemorrhage, endometritis and wound cellulitis. Fetal outcomes included birth
weight, gestational age, Neonatal intensive care unit (NICU) admission, neonatal hypoglycemia,
prematurity and fetal anomaly. To further understand the indications for admissions, we also

looked at admission level data.

Statistical analysis:

We compared differences between those who were admitted antepartum and those who
were not admitted prior to delivery using appropriate non-parametric testing. Fisher exact test was
used for categorical variables and Wilcoxon rank-sum test for continuous variables as appropriate
with statistical significance defined as a two-sided P value <0.05. Variables which had two-sided
p value 0f 0.10 or less on univariate analysis were the included in the multivariate model to identify

predictors of antepartum admission (model 1). We modeled odds of antepartum admission using
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logistic regression controlling for race, insurance, smoking, chronic hypertension, 1* hemoglobin
Alc (HbAlc) in pregnancy and preconception consult. Additional multivariate modelling was
performed to support our results. Clinically relevant variables were chosen, and forward logistic
regression was performed (model 2). Another multivariate regression modelling for odds of

antepartum admission which included all clinically relevant variables was performed (model 3).

We then modeled length of hospital stay prior to delivery controlling for the same
covariates as in model 1 using a multivariate linear regression model. Study data was stored and
managed with REDCap electronic data capture tools hosted by Harvard University. Statistical
analysis was performed using SPSS (IBM SPSS for Windows, Version 24.0, Armonk NY. IBM

Corp.) The study was approved by the Partners Institutional Review Board.

Results

We identified 244 women during the study period, 9 were excluded as they were missing
admission data. 103 (42.2%) required antepartum hospitalization for a total of 218 admissions.
The median (IQR) length of stay was 2 days (2 days). Of the women hospitalized 46 had a single
admission, 26 women had 2 admissions each and 31 women were admitted 3 or more times (figure
2). Sixty-nine (32%) admissions resulted in delivery. Looking at admission level data, among the
indications for admissions, glycemic control was the most common (46%) followed by
hypertensive disorder of pregnancy (32%) with other obstetric and fetal indications accounting for

the remainder.

The distribution of age, race and pre-pregnancy BMI was similar among both women who

were admitted and those who were not and a similar proportion of women in both groups had type
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2 diabetes (table 1). Women who were admitted were more likely to have public insurance (59.2%

vs 44.6, p=0.048) and had a higher first HbAlc (median of 7.85 +2.75 vs 6.55 + 1.48) (table 1).

There was no significant difference in the maternal outcomes of requiring C-section,
induced labor, endometritis, post-partum hemorrhage and wound cellulitis among the two groups
(table 2). Gestational age at delivery (35.83 weeks + 3.7 vs 37.48 weeks + 4.5, p <0.005) and birth
weight (2920 grams + 894 vs 3609 +594, p < 0.005) were lower among the women who were
admitted antepartum. Neonates born to women with prior antepartum hospitalization were more

likely to be admitted to the NICU (37% vs 21%, p=0.01.)

In a univariate logistic regression model, first Hb Alc in pregnancy, chronic hypertension,
insurance type, pre-conception consult, smoking and race were independently associated with
increased odds of antepartum admission (two-sided p value less than or equal to 0.1) (table 3). We
modeled the odds of hospitalization prior to delivery using the above-mentioned variables. In a
multivariate model, first HbAlc in pregnancy, smoking and chronic hypertension were associated
with increased odds of antepartum admission (table 4). For each unit increase in initial HbA1C the
odds of admission increased by 50% (odds ratio 1.5, 95% CI 1.24-1.81, p<0.001). Women who
smoked were 4 times more likely to get admitted as compared to nonsmokers (odds ratio 4.02, CI-
1.25- 12.90, p=0.019). The odds of antepartum hospitalization in women with chronic
hypertension was twice as compared to those without chronic hypertension (odds ratio 2.05, 95%

CI 1.03-4.05, p= 0.03). Models 2 and 3 supported the results of model 1 (table 4).

Type of insurance, race and pre-conception counselling were not significantly predictive
of antepartum admission. In a multivariate model including chronic hypertension, insurance type,
pre-conception consult, smoking and race, 1% HbAlc in pregnancy was associated with increased

length of stay prior to delivery (beta=0.32, 95% CI 1.15- 5.87, p=0.004).
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Discussion

Among the 218 antepartum admissions in our cohort, uncontrolled diabetes was the most
common primary reason for hospitalization (N=101, 46%) followed by hypertensive disorder of
pregnancy (N= 71, 33%). There was no significant difference in the rates of maternal
complications like induced labor, endometritis, post-partum hemorrhage and wound cellulitis
among the two groups. Reflecting the earlier gestational age at delivery, the fetal outcomes were
worse in the group that required antepartum admissions with higher rates of low birth weight and
NICU admission. These poor fetal outcomes are similar to those reported in prior studies done in

women with pregestational and gestational diabetes (11).

Smoking, chronic hypertension and increased 1% HbAlc in pregnancy were associated
increased odds of antepartum admission. In a multivariate model, higher initial HbAlc in

pregnancy was also associated with increased length of stay.

Our study demonstrates that antenatal hyperglycemic control is a predictor of antepartum
hospitalization. The American Diabetes Association (ADA) recommends the target HbAlc be as
close to normal as possible without significant hypoglycemia prior to pregnancy to prevent
miscarriage and major congenital anomalies (2). The ADA also recommends that women should
be given contraception until stable and acceptable glycemic control has been achieved (2). In our
cohort, the women who required admission has significantly higher initial HbAlc levels (median
7.85 + 2.75) which reinforces these recommendations. Studies have shown that maternal smoking
is associated with several maternal and fetal complications like hypertensive disorder of

pregnancy, intra-uterine growth retardation, low birth weight, congenital malformations and
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increased perinatal mortality (11,12). Our study adds to this existing literature by showing that
maternal smoking is also associated with increased antepartum hospitalizations. Smoking and
glycemic control are modifiable risk factors which can be addressed prior to pregnancy. Improving
preconception care could potentially decrease antepartum admissions thereby decreasing
healthcare costs and also improve outcomes in high risk pregnant women. Preconception care to
optimize glycemic control and encourage smoking cessation are important health strategies and
potentially cost effective. Our study also showed that women with chronic hypertension had
increased odds of hospitalization prior to delivery. Few studies have looked at predictors of
hospitalization among pregnant women with diabetes (10). Our study is unique in this aspect as it
could help us identify women who would be at risk of admissions during pregnancy. Several
interventions can be proposed to optimize care in these women once they are identified to be at
high risk of admissions. For example- they may be offered more frequent follow up visits either
with their endocrinologist or diabetes educator. They may also benefit from appointment and
medication refill reminders. Further studies are needed to identify which of these interventions

would be most effective and feasible.

Our study findings must be interpreted in the context of the design and its limitations.
Given the observational nature of the study it is susceptible to confounding. We have tried to
address confounding by adjusting our analysis for race, insurance, smoking, chronic hypertension
and preconception consult. We realize that there may be other unknown confounders. Health
insurance was used as a surrogate for socioeconomic status. We did not collect data on patient
occupation and income which are other indicators of socioeconomic status. We did not have
sufficient behavioral health data to speculate on the role of maternal mental health conditions

which prior studies have established are associated with increased rates of hospital admission (15).
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Finally, as a single center study at a tertiary referral center, the findings may not be generalizable
to all populations, and may reflect local practice patterns regarding threshold for admission,
particularly for glycemic control. We did not include women who received endocrine care outside

of our practice which may lead to selection bias.

Nonetheless, our study extends the limited literature on systems of care for women with
diabetes, and potential targets for quality improvement initiatives prior to pregnancy. Based on
available local estimates, approximate cost of a brief inpatient hospitalization is $7000. Antenatal
hyperglycemia and smoking cessation are modifiable risk factors which if optimized could lead to

decreased antenatal admissions, thus decreasing heath care costs.

Conclusion

In our study, first hemoglobin Alc in pregnancy, chronic hypertension and smoking were
associated with increased odds of antepartum admission. First hemoglobin Alc in pregnancy was
also associated with increased length of stay. These findings emphasize the importance of
optimizing preconception health for reproductive-aged women with diabetes to improve clinical

outcomes and reduce healthcare costs.
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Table 1: Demographics

Characteristic no antepartum | antepartum p value
admission admission
n= 132 (54%) n= 103 (42.2%)
diabetes type 1 48 (36.4%) 38 (36.9%) 1
diabetes type 2 84 (63.6%) 65 (63.1%) 1
median age in years (25,75 |32.39(29,37) 31.84(26,36) 0.556
percentiles)
white non-Hispanic N (%) 65 (49.2%) 39 (37.9%) 0.062
public health insurance 59 (44.7%) 61 (59.2%) 0.048
nulliparous 55 (41.7%) 49 (47.6%) 0.427
median pre-pregnancy BMI | 30.38 (26.3,36.7) | 31.17 (27,38.3) 0.575
(25,75 percentiles)
chronic hypertension 24 (18.2%) 30 (29.1%) 0.060
assisted reproduction 8 (6.1%) 11 (10.7%) 0.232
hyperlipidemia 11 (8.3%) 12 (11.6%) 0.508
smoking 7 (5.3%) 13 (12.6%) 0.059
Median 1%  HbAlc  in | 6.55(5.9,7.3) 7.85(6.5,9.3) <0.001
pregnancy (25,75 percentiles)
on insulin before pregnancy 70 (53%) 56 (54.4%) 0.895
preconception counselling 30 (22.7%) 14 (13.5%) 0.092
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Table 2: Maternal and fetal outcomes

Outcome no  antepartum | antepartum p value
admission admission
N=132 N=103
hypertensive disorder of | 46(34.8%) 67 (65%) <0.001
pregnancy
induced/augmented labor 100 (75.7%) 82(79.6%) 0.500
c-section 81 (61.4%) 67 (65%) 0.568
post-partum hemorrhage 15 (11.4%) 13 (12.6%) 0.841
endometritis 8 (6.1%) 4 (3.9%) 0.558
wound cellulitis 8 (6.1%) 7 (6.8%) 1
birth weight in grams 3609 +594 2920 + 894 <0.005
gestational age in weeks 3748 +4.5 35.83 +3.7 <0.005
NICU admission 28 (21.2%) 38 (36.9%) 0.010
neonatal hypoglycemia 16 (12.1%) 9 (8.7%) 0.523
prematurity 8 (6.1%) 23 (22.3%) <0.005
fetal anomaly 8 (6.1%) 7 (6.8%) 0.795
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Table 3. Univariate analysis of predictors of antepartum admission

Variable Odds ratio | P value 95% confidence interval
diabetes type 0.97 0.933 (0.57-1.66)
Maternal age 0.98 0.491 (0.94-1.02)
Race, white vs non-white 0.59 0.051 (0.34-1.00)
Public Health insurance 1.74 0.036 (1.03-2.94)
parity 0.78 0.366 (0.46-1.32)
pre-pregnancy BMI 1.00 0.633 (0.97-1.04)
chronic HTN 1.87 0.045 (1.01-3.46)
assisted reproduction 1.85 0.203 (0.71-4.7)
hyperlipidemia 1.45 0.398 (0.61-3.43)
smoking 2.57 0.053 (0.99-6.72)
1* HbAlc in pregnancy 1.54 <0.001 (1.29-1.84)
on insulin before pregnancy 1.05 0.838 (0.62-1.77)
preconception counselling 0.53 0.073 (0.26-1.06)
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Table 4: Multivariate analysis of predictors of antepartum admission

Variables

Model 1

aOR (95% CI)

Model 2

aOR (95% CI)

Model 3

aOR (95% CI)

Race, white vs non-white

0.65 (0.34-1.21)

0.58 (0.30-1.13)

Health insurance

1.00 (0.52-1.94)

0.83 (0.40-1.73)

Chronic HTN

2.05 (1.03-4.05)*

2.05 (1.04-4.05)*

1.87 (0.88-3.98)

Smoking

4.02 (1.25-12.90)*

5.11 (1.53-17.08)*

6.31 (1.79-22.29)*

1** HbAlc in pregnancy

1.50 (1.24-1.81)*

1.49 (1.23-1.80)*

1.52 (1.24-1.86)*

Preconception counselling

1.03 (0.46-2.29)

0.94 (0.41-2.15)

Pre-pregnancy BMI

0.98 (0.94-1.02)

Parity

0.54 (0.27-1.08)

Maternal age

1.05 (0.98-1.11)

Model 1- included all variables with p<0.1 on univariate analysis

Model 2- forward section of all clinically relevant predictors

Model 3- inclusion of all clinically relevant predictors

**aOR- adjusted odds ratio, *p<0.05

95% CI — 95% confidence interval.
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Figure 1: Flow chart for inclusion and exclusion criteria
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Figure 2: Number of admissions
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Abstract

Objective: To evaluate the attitudes and knowledge of prenatal yoga and investigate barriers and
facilitators to yoga participation in high risk pregnant women receiving prenatal care in an

academic tertiary care center.

Methods: We surveyed a convenience sample of women receiving prenatal care through the
Maternal-Fetal Medicine practice at Brigham and Women’s Hospital. We classified participants
as yoga experienced or yoga naive depending on self-report. We compared differences between
the two groups using the appropriate nonparametric tests and compared bivariate odds ratios for

survey results using logistic regression.

Results: Of the 100 respondents, 53% had practiced yoga previously. Women with yoga
experience were older (age 34.9 +5.6 vs 31 +6 years, p=0.004), more likely to be college graduates
(94% vs 68%, p=0.002), and more likely to be white (77% vs 47%, p=0.002) than women without
previous yoga experience. Previous yoga experience was associated with agreement that yoga was
safe during their current pregnancy (OR 5.9, 95% CI 1.9-17.7). Of the women surveyed, 56%
agreed that they would like to attend a prenatal yoga class. In a multivariate model including age,
race and education, previous yoga experience was the only significant predictor associated with
willingness to participate in prenatal yoga classes during current pregnancy. (OR 3.1, 95% CI 1.1-

8.6)

Conclusion: Prior yoga experience was the strongest predictor of willingness to attend a prenatal
yoga class in our population. Our results suggest that women with high risk pregnancies who may
benefit from prenatal yoga interventions but lack prior yoga experience may need additional

education to facilitate participation.
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Introduction:

Yoga is an ancient discipline grouping physical, mental and spiritual practices which
originated in the Indian subcontinent and is now becoming increasingly popular in many parts of
the world. The 2016 Yoga and America Study conducted by Yoga journal and Yoga alliance
reported that there are 36.7 million people in USA practicing yoga, up from 20.4 million in 2012
(1). There is tremendous interest both in the general population and health care community about

the potential health benefits of yoga.

Current literature suggests yoga as adjunctive treatment for chronic conditions such as
chronic pain, depression and diabetes (2,3,4,5) in non- pregnant adults and yoga is a promising
intervention for common concerns in normal pregnancies including low back pain (6) and
depressive symptoms (7). Studies focused on women with high-risk pregnancy suggest yoga may
also reduce risks for hypertensive complications of pregnancy (8,9) and improve measures of

glycemic control in women with gestational diabetes (10).

While several groups are investigating the potential benefits of yoga during pregnancy,
current data are limited in applicability to a high-risk population. Furthermore, previous clinical
trials of yoga as an intervention have been limited by difficulties recruiting and retaining subjects
(11). Few have investigated the current practices and attitudes of pregnant women, particularly in

those with high-risk pregnancies (12).

We therefore sought to evaluate the attitudes and knowledge of prenatal yoga in women
receiving high-risk prenatal care at Brigham and Women’s Hospital, an academic tertiary care
center. We also studied potential barriers and facilitators to practicing prenatal yoga in this

population to inform recruitment efforts for future studies. We hypothesize that women with prior
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yoga experience would be more willing to attend prenatal yoga program as compared to women

who have never tried yoga before.

Methods:

An anonymous, voluntary, self-administered paper questionnaire was offered to all English-
speaking women at the time of checking in at our institution’s Maternal-Fetal medicine practice in
2016. The Maternal-Fetal Medicine practice at the Brigham and Women’s Hospital exclusively
provides care to high risk pregnant women. Brigham and Women’s Hospital is an urban academic
tertiary care center with the largest delivery volume in Massachusetts. Pregnant women with any
high-risk condition, irrespective of their age were included in the study. A collection box was made
available in the waiting room for patients to deposit the questionnaires, once filled in. A
convenience sample of a hundred completed surveys was selected for analysis. This sample size
was estimated based on expert consensus, given the lack of comparable reference studies in this
population available to guide sample size calculations. All hundred surveys were included in the
descriptive analysis (Table 1), however those with any missing answers were excluded from the
statistical analysis. The questionnaire was formulated by the authors. Questions were selected
based on both, expert consensus through consultation with authorities in the fields of yoga,
diabetes and high-risk pregnancy and a review of current literature. There were total 28 questions
which included 6 questions on demographics, 5 questions pertaining to obstetric history and 17
questions on attitudes and knowledge about yoga (questionnaire included in appendix I). Data was
collected on demographics, pregnancy information, attitudes and knowledge of yoga, barriers and
facilitators to practicing yoga. Demographic questions included age, race, ethnicity, education,
primary language, parity and gestational age. Obstetric information included a self-report of high-

risk conditions such as pregestational diabetes mellitus, gestational diabetes mellitus,
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hypertension, cardiac disease and pregnancy complications like multiple gestation, history of
preterm birth, pregnancy loss, cardiac condition or other poor obstetric history. Participants were
asked to identify potential benefits of yoga and potential barriers (e.g. lack of previous yoga
experience and logistical difficulties including preferences for different locations). Participants
were classified as yoga experienced if they had attended any yoga class in the past and those who

denied prior yoga experience were classified as yoga naive.

Statistical analysis:

We compared differences between the two groups using the appropriate nonparametric
tests. Fisher exact test was used for categorical variables and Wilcoxon rank-sum test for
continuous variables as appropriate with statistical significance defined as a two-sided P value
<0.05. We calculated bivariate odds ratios for survey results using logistic regression. Univariate
logistic regression to model the odds of willingness to participate in a yoga was performed
followed by multivariate logistic regression to model the odds of willingness to participate in a
yoga program controlling for age, race, education and previous yoga experience. These covariates
were selected based on known associations with yoga use as described in studies with populations
other than high risk pregnant women (13,14,15). We also modeled the odds for perceived safety
of yoga using the same covariates. Study data was stored and managed with REDCap electronic
data capture tools hosted by Harvard University. Statistical analyses were performed using SPSS
(IBM SPSS for Windows, Version 24.0, Armonk NY: IBM Corp). The protocol was submitted to
the Partners IRB which deemed the study to be exempt from review as only deidentified data was

collected.
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Results:

We obtained surveys from 100 women. Of the respondents, 53% had practiced yoga
previously. Women with yoga experience were older (mean age 34.9 (+5.6) vs 31 (+6) years,
p=0.004), more likely to be college graduates (94% vs 68%, p=0.002), and more likely to be white
(77% vs 47%, p=0.002) than women without previous yoga experience. The distribution of
gestational age was similar in the two groups. Women reported a variety of pre-pregnancy
conditions and pregnancy complications (Table 1); 20% of the sample reported a pregnancy
complicated by gestational or pregestational diabetes. Random missing data was less than ten

percent.

The response by women to a series of reasons that might make them interested in prenatal yoga
is shown in table 2. Compared to yoga naive women, those with prior yoga experience were more
likely to believe that prenatal yoga may reduce stress (81.8% vs 48.9%, p=0.001) and anxiety
(62.2% vs 34%, p=0.006). Significantly higher number of women with yoga experience believed
that prenatal yoga may improve flexibility (77.3% vs 46.8%, p=0.002), improve childbirth (75.4%
vs 38.2%, p<0.001), improve pain during pregnancy (73.5% vs 34%, p<0.001) and decrease
weight gain during pregnancy (52.8% vs 31.9%, p=0.04). Similar number of women in both groups
believed that prenatal yoga is safe for most women (37.7% in yoga experienced women vs 23.4%

in yoga naive women).

Potential barriers to attending a hospital based prenatal yoga class are described in table 3.
The most common reason for not attending a prenatal yoga class at the hospital in yoga naive
women was lack of prior yoga experience (57.44%). Women with previous yoga experience were
most likely to cite not wanting to come to the hospital for a yoga class if they did not have an

appointment that day (47.1%) as a barrier. Lack of time was a barrier mentioned by respondents
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in both groups; 22.6% in the yoga experienced group and 36% in the yoga naive group. Overall
35% of women surveyed said they would not want to come to the hospital and 32% of women
surveyed said that they would not want to pay for parking if they did not have an appointment that
day. Only 2 women cited safety as a barrier to hospital-based yoga participation. Of the alternative
sites identified by women, 47% responded that they would prefer to attend a yoga class at a studio,

only 26% of women preferred the hospital.

While 88% of the women surveyed agreed that yoga was safe during pregnancy, previous
yoga experience was associated with increased odds of agreement that yoga was safe during their
own pregnancy (OR 5.9, 95% CI 1.9-17.7). More than half (56%) of the women surveyed agreed
that they would like to attend a yoga class during pregnancy. In a multivariate model including
age, race and education, yoga experience was the only predictor significantly associated with
willingness to attend yoga class during current pregnancy (OR 3.1, 95% CI 1.1-8.6) (table 4). Yoga
experience was also associated with increased odds of perceived safety of yoga (OR 3.9, 95% CI
1.0-15.5). However, after adjusting for age, race and education, yoga experience was no longer a

significant predictor of perceived safety of yoga.

Discussion:

A majority of the participants (56%) were interested in attending prenatal yoga classes. Our
study showed that women who practiced yoga were mainly older, white and college educated.
These demographic differences are similar to those reported in other studies (13,14). Lack of prior
yoga experience was the most common reason cited by yoga naive women for not attending a yoga

class despite controlling for known demographic confounders (13,14,15). This finding is unique
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to our study and has not been previously investigated. The study illustrates a key role of exposure

to yoga in influencing willingness to engage in future yoga practice.

To our knowledge, there are no previous studies surveying attitudes and knowledge of yoga
among high-risk pregnant women. A survey of 500 pregnant women by Babbar and Colleagues in
Virginia showed 65% women believed prenatal yoga is beneficial and 40% had attempted yoga
before pregnancy (12). While their sample was larger, it was not exclusive to high risk pregnant
women, who may be less receptive to interventions that include physical activity during pregnancy
(16). Importantly, our study shows a high rate of perceived safety with antenatal yoga (88%), and
few of the high-risk pregnant women cited safety specifically as barrier. Though the safety of yoga
has not been specifically studied in high risk pregnant women, a randomized controlled trial done
in 68 patients to evaluate the role of yoga in high-risk pregnancy did not report any adverse events
(8). A previous single blinded, randomized controlled trial with 56 patients recommending yoga
in non high-risk pregnant women showed no significant change in fetal blood flow acutely after
performing yoga for the first time (17). Additionally, another study of 25 healthy pregnant women
examined 26 yoga postures and found that yoga was well tolerated with no acute adverse maternal

physiologic or fetal heart rate changes (18).

There has been a recent interest in evaluation of the benefits of yoga as a non-pharmacological
therapy to improve outcomes in several diseases like diabetes, gestational diabetes, hypertension,
eclampsia, depression and chronic pain (2,3,6,8,10). Current literature supports potential benefits
and minimal harm from yoga therapy (8,9,17,18). Despite these potential benefits, yoga remains
underutilized and is not widely accepted as standard of care due to lack of evidence (19). Most
studies on the potential benefits of yoga in high-risk pregnancy are constrained by small sample

sizes or lack of randomization (19). This may be in part, due to difficulties in recruitment and
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retention in this population (11). A review study done by Paula Frew and colleagues in 2014
highlights logistical challenges among other barriers to patient participation. In this study,
demographics (age, income and education), transportation and access to the study site, time to
participate, pregnancy related health problems and social factors like spouse/partner preferences
were found to influence patient recruitment and retention in pregnant women (11). Our study also
identifies important logistical barriers such as not wanting to attend yoga class if no concurrent
antenatal appointment (35%), parking fees (32%) and time constraints (28%). Twice as many

women wanted to have a yoga class outside the hospital, not at the hospital.

Our study findings must be interpreted in the context of the design and its limitations. The
questionnaire was administered at a tertiary care center and was not validated. Only English-
speaking women were offered the survey. These factors may limit the generalizability of our
findings to other populations. According to RPDR, the Partners Healthcare research query tool,
approximately 61% of women seen in the Maternal-Fetal Medicine clinic at Brigham and women’s
Hospital during the study period were white and 9.5% of women were Hispanic (Appendix II). In
our study, 63% of women who filled the survey were white and 8% were Hispanic. Although, only
English-speaking women were offered the survey, our study population was demographically
comparable to the clinic population. We were unable to collect data on women who opted not
complete the survey and we did not measure the response rate for filling the survey. However,
based on the clinic census during the study period, we estimate that approximately 10 patients
were offered the survey each day and it took us around six months to collect 100 complete surveys.
The study also relied on participant self-report of high-risk conditions. Nonetheless, we think our
results suggest an opportunity to engage women who might previously have not considered yoga

as a possible intervention during pregnancy. While our study showed that prior yoga experience
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was associated with willingness to practice prenatal yoga, we did not quantify the number of yoga
classes it would take to influence patient behavior. Although 56 % of women surveyed said they
would like to attend a prenatal yoga class, willingness to attend may be different than actual
attendance at yoga class. Despite these limitations, our study provides a unique insight into the
perceptions of prenatal yoga in high-risk pregnant women, which has not been previously

investigated.

Our study highlights the lack of prior yoga experience as an important and potentially
modifiable barrier to yoga participation among women with high risk pregnancies. Future steps to
address this challenge may include focus groups discussions. This would include administering
the questionnaire in a targeted population, in a controlled setting which will allow focus-group
atmosphere where several aspects of the questionnaire can be discussed with the those filling the
survey (20). This would help formulate a survey which should be validated and tested for
reliability. Additionally, the potential role of a brief introductory yoga session which may be
offered to yoga naive patients, with the aim of familiarizing yoga and therefore influencing
participation in prenatal yoga programs can be investigated. Our study also provides a valuable
understanding about logistical barriers towards participation in prenatal yoga programs. We hope
this knowledge will help inform future recruitment and retention efforts in antenatal yoga programs

and clinical studies involving high risk pregnant women.

Conclusion:

Prior yoga experience was the strongest predictor of willingness to attend a prenatal yoga
class in our population. Our results suggest that women with high risk pregnancies who may
benefit from prenatal yoga interventions but lack prior yoga experience may need additional

education to facilitate participation.
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TABLE 1: Demographics

Category Yoga experienced | Yoga naive P value
N (%) 53 (53%) 47 (47%)

Mean age 35(+6) 31 (+6) 0.004
White race 41 (77.3%) 22 (46.8%) 0.002
Hispanic 0 8 (17%) 0.001
College educated 50 (94.3%) 32 (68%) 0.002
English speaking 49 (92.4%) 36 (76.5%) 0.047
Nulliparous 22 (41.5%) 17 (36.1%) 0.407
GESTATIONAL AGE

Less than 12 weeks 5(9.4%) 3 (6.3%) NS
12-20 weeks 13 (24.5%) 8 (17%) 0.464
20-30weeks 13 (24.5%) 8 (17%) 0.464
More than 30 weeks 22 (41.5%) 22 (46.8%) 0.550
Postpartum 0 5 0.019
COMPLICATIONS

Pregestational diabetes | 3 (5.66%) 4 (8.51%) 0.703
Gestational Diabetes 5(9.43%) 8 (17.02%) 0.373
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Cardiac condition 4 (7.5%) 4 (8.5%) 1

Hypertension 3 (5.6%) 7 (14.8%) 0.183
History of pregnancy | 16 (30.1%) 12 (25.5%) 0.660
loss

40




TABLE 2: Facilitators of participation in prenatal yoga program

Which if any of the following reasons made | Yoga experienced | Yoga naive P value
you or would make you interested in prenatal N= 53 (53%) N=47 (47%)

yoga?

Prenatal yoga may reduce stress 43 (81.1%) 23 (48.9%) 0.001
It may provide benefits of mild to moderate | 34 (64.1%) 19 (40.4%) 0.027
exercise

It’s safe for most women 20 (37.7%) 11 (23.4%) 0.136
It may reduce anxiety 33 (62.2%) 16 (34%) 0.006
It may improve childbirth 40 (75.4%) 18 (38.2%) <0.001
It may reduce depression 26 (49%) 14 (29.7%) 0.066
It may improve flexibility 41 (77.3%) 22 (46.8%) 0.002
It may improve pain during pregnancy 39 (73.5%) 16 (34%) <0.001
It may reduce weight gain during pregnancy | 28 (52.8%) 15 (31.9%) 0.044
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TABLE 3: Barriers to participation in a prenatal yoga program

Barriers to attending a prenatal yoga class Yoga experienced | Yoga naive P value
N=53 (53%) N=47 (47%)

I have never done yoga 0 27 (57.4%) <0.001

I don’t like yoga 0 6 (12.7%) 0.009

I don’t think yoga is safe for me 1 (1.8%) 1 (2.1%) 1

I don’t think I can do yoga 0 2 (4.2%) 0.218

I haven’t had time 12 (22.6%) 16 (34%) 0.369

I’m not interested in yoga 0 8 (17%) 0.002

I don’t have childcare 3 (5.6%) 1 (2.1%) 0.620

I don’t want to come to BWH if I don’t have | 25 (47.1%) 10 (21.2%) 0.011

appointment that day

I don’t want to pay for parking if [ don’t have | 19 (35.8%) 13 (27.6%) 0.400

appointment that day

I would like to but haven’t gone yet 9 (16.9%) 6 (12.7%) 0.589
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Table 4: Multivariate analysis for odds of willingness to attend a yoga class during current

pregnancy
Variable P value Odds ratio 95% confidence interval
Yoga experience 0.025 3.16 (1.15-8.68)
Age 0.371 0.96 (0.88-1.04)
Race (white) 0.731 1.18 (0.44-3.18)
College education 0.152 3.19 (0.65-15.70)
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Summary and Conclusion:

High-risk pregnancy is an important cause of poor pregnancy related outcomes and increased

health care costs. We performed 2 unique studies in high-risk pregnant women.

In the first study, we aimed at identifying predictors of antepartum admission among women with
pregestational diabetes by performing a retrospective cohort study. In our study, first hemoglobin
Alc in pregnancy, chronic hypertension and smoking were associated with increased odds of
antepartum admission. First hemoglobin Alc in pregnancy was also associated with increased
length of stay. These findings emphasize the importance of optimizing preconception health for

reproductive-aged women with diabetes to improve clinical outcomes and reduce healthcare costs.

In our second study we aimed to study the attitudes and knowledge of prenatal yoga and barriers
and facilitators to practicing it among high-risk pregnant women. A majority of the study
participants expressed willingness to attend prenatal yoga classes. Uniquely, our study identifies
the lack of yoga experience as an important, modifiable barrier to participation in yoga
interventions in pregnant women which has not been previously reported. In our study, after
adjusting for demographic confounders, yoga experience was the only predictor significantly
associated with willingness to attend yoga class during current pregnancy. It also provides a
valuable understanding about logistical barriers towards participation in prenatal yoga programs.
We hope this knowledge will help inform recruitment and retention efforts in future antenatal yoga

programs and clinical studies involving high-risk pregnant women.
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Appendix:

(D Questionnaire for studying attitudes and knowledge of yoga among high risk pregnant

women.

Prenatal yoga is a structured program of poses, breathing and meditation exercizes that
are designed for pregnant women. We are conducting this anonymoug survey to improve
the offerings we provide pregnant women at Brigham and Women's Hospital (BWH). Your
participation is voluntary, and if you choose not to participate it will not affect your care
in any way. If you chooze to complete the survey, please do 2o only once. If you have
any guestions, please contact Chloe Zera, MD at 617-732-4287 or czera{@partners.org.

1. Have vou ever altended a yoga class, either before or during pregnancy?

O Yes
] Mo

2. Dwo you practice yoga at least once per week?

[] ves
O No

3. Are you aware of the prenatal yoga classes at BVWWH?
Yes
Mo

4. Have vou attended any prenatal yoga classes at BWH?Y
Yes

] Mo

(If ves, skip to question 7)

3. Wyou have not attended any prenatal yoga classes at BYWH, have you attended other

prenatal yoga classes?
[] ves

[ Mo

6. Ifyou have not atiended any prenatal yoga classes at BWH, why not? (check all that
apply):
[C] | have never done yoga
] 1 don't like yoga
| den't think yoga is safe for me
| don't think | can do yoga
] 1 haven't had time
I'm not interested in yoga
| don't have childcare
) 1| den't want to come to BWH if | den’t have an appointment that day
| don't want to pay for parking if | don't have an appeointment that day
| would like to but havent gone vet
] 1 didn't know there was a prenatal yoga class
| can't come at the time the class is offered
Other (pleaze explain):
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7. Where would you be willing fo attend a yoga class? (check all that apply)
[C] BWH Main Campus (75 Francis Street)
] BWH at 850 Boylsten
Yoga studio
Gym
] School
Church
| am not willingfable fo attend a yoga class right now
] 1 am not willing/able to attend a yoga class ever

&.  If it were comvenient, would vou be willing to attend a voga class at BWH?

Yes, | have already attended a yoga class at BVWH

Yes, | have not vet attended a yoga class at BWH but | would be willing to attend
] Mo

(If no, skip to question 13)

9. If you were willing to attend a voga class at BWH, what time(z) of day would you attend?
6-& am
d8-11 am
] 11-1 pm
1-4 |:|rn|
4-7 pm
] 7-9 pm

10. If you were willing to attend a yoga class af BVWH, what day(s) of the week would you
attend??

Maonday

Tuesday

Wednesday

Thursday
] Friday

Saturday

sunday

11. If a yoga class were offered at BWH, would you be willing to attend on a day other than
when you had an appointment?

] ves
] Mo

12. If no, how close to vour appointment would the class need to be for you to be willing to
attend?
] within 1 hour
] within 2 hours

E within 3 hours
within 4 or more hours

] 1 would not attend a class on a day that | did not have a scheduled appointment
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Please rate your agreement with the following items by circling your response:
13. | think yoga is safe during pregnancy

Strongly disagree Dizagree Mo opinion  Agree sirongly agree
14. | think yoga is safe for me during pregnancy

Strongly disagree Dizagree Mo opinion  Agree sirongly agree
15. | am interested in l2aming more about yoga in pregnancy

Strongly disagree Disagree Mo opinion  Agree sirongly agree
16. | would like to take a voga class during pregnancy

Strongly disagree Dizagree Mo opinion  Agree sirongly agree

17. Which if any of the following reasons would make you interested in prenatal voga (check
all that apply)?

[] Prenatal yoga may reduce stress
] Prenatal yoga may provide the benefits of mild to moderate exercise
Prenatal yoga is safe for most women
Prenatal yoga may reduce anxiety
] Prenatal yoga may improve childbirth
Prenatal yoga may reduce depression
Prenatal yoga may improve flexibility
Prenatal yoga may improve pain during pregnancy
Prenatal yoga may reduce weight gain in pregnancy
[C] Other (please explain):

1&. Howr far along in your pregnancy are you today?
Less than 12 weeks
12-20 weeks

) 20-30 weeks

More than 30 weeks
Postparium

18, Including your current pregnancy, how many pregnancies have you had?

20. Howr many deliveries have you had?

21. Do you have any high risk issues during this pregnancy? (check all that apply):
Diabetes (diagnosed before pregnancy)
Gestational diabetes
"] Hypertension (high blood pressure)
Multiple gestation (twins, triplets, etc.)
History of preterm delivery
] History of preeclampsia
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History of pregnancy loss
Thyroid disease or condition
) Cardiac (heart) disease or condition
Lupus or rheumatoid arthritis
Seizure disorder
] BMI greater than 30 kgim2
] Infertility requiring treatment to conceive
] Fetal problem {e.g. heart abnormality, kidney abnormality, brain abnormality, chromesome
abnormality, other congenital anomaly)
[ Intrauterine growth restriction
] Placenta previa
Placenta accreta
Other high dzk condition:

22 Who is your primany cbstetric provider?
) Doctor
] Midwife

DEMOGRAPHIC INFORMATION
1} a) Height {feetinches): b) Weight (lbs):

2} Age:
3} Ethmicity [check one):
___Hizpanic or Latino
___ Mot Hispanic or Latino

4} Race {check one or mara).
___American Indian or Alaska Native
___Asian
___ Black or African American
___ Mative Hawaiian or other Pacific Islander
___\White
___ Other (pleass specify).

3} What iz the highest level of education you have completed? (Check ang)
___ Did not complete high school
___High schoolfGED
__ Some college
___Associate degree
___Bachelors degree
___Graduate degree (Masters, PhD, MD, JO, eic.)

G} What is vour primary language?
___ Englizh
___Spanish
___ Mandarin
___ Arabic
__ Somali
__ Poriuguese
___ Dther:
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(I) ~ Demographics of patients seen in Maternal-fetal medicine clinic in the year 2016

ﬁ

HEALTHCARE SYSTEM

RESEARLCCH FAaTIlIlERMT DDaTo REMSGISTRY (RHREFLDYR)

The query entitled "BWH OBGYMN MFM (10030010209) on 05/18/2019", submitted on
BMAME2015 11:05:4T7 AM, was successiully completed on 5M18/2019 11:05:43 AM. This
query was performed for Jadeja, Meville of the group of Sarkis, Rani A.,M.D._M.SC..
The search was completed in 1 seconds.

QUUERY DESCRIFPTI DH\\

# of times an item is recorded is = 0
Independent of Wisit

Encounter detail \ Epic Departments | BWH \ EWH OBGYHN MFM
Independent of Visit

Mot constrained by importance

From 01012018 to 12/31/2018

# of times amn item is recorded is = 0

oOR

EWP OBGYN MFM FXB (10030040023)

Encounter detail \ Epic Departments | BWH \ EWFP OBGYN MFM FXB
Independent of Visit

Mot constrained by importance

From 01012018 to 12/31/2018

# of times an item is recorded is = 0

|| BWH OBGYN MFM (10030010209)

print
QUERY RESULTS N

Total MNMumber of (Cases

Total Patients Matching Query ||
2300 +3 I
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Total Unigue Patients by Gender

Gender Counts
Female 2290 3
Male 10 £3
Undefined ==3

Total Unigue Fatients by Race

Race Counts
Nndian 543
Asian 198 +3
Black J42 +3
White 1402 +3
Hispanic 219 +3
Other 163 +3
Not Recorded 44 23

Total Unigue Patients by YVital Status

Status Counts

Alive 2297 +3
Deceased ==3
Not Recorded <=3

Total Unigue Patients by Age

Fro | T | Count
m o . Graph
i} k| w3 -

10 13 523 II

2 || s (E——

30

1375 =3 I—
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Query Tool Version: 4.6.4.7
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