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Abstract

Background

Maternal cardiometabolic risk factors (i.e., hyperglycemia, pre-existing hypertension and
high body mass index) impact fetal growth and risk of having a cesarean delivery. However,
the independent and joint contribution of maternal cardiometabolic risk factors to primary
cesarean section is unclear. We aimed to elucidate the degree to which maternal cardiome-
tabolic risk factors contribute to primary cesarean deliveries and whether associations vary
by infant size at birth in an integrated health system.

Methods

A cohort study of 185,045 singleton livebirths from 2001 to 2010. Poisson regression with
robust standard errors provided crude and adjusted relative risks (RR) and 95% confidence
intervals (Cls) for cesarean delivery risk associated with risk factors. We then estimated the
proportion of cesarean sections that could be prevented if the cardiometabolic risk factor in
pregnant women were eliminated (the population-attributable risk [PAR]).

Results

In a single multivariable model, maternal cardiometabolic risk factors were independently
associated with cesarean delivery: RR (95% CI) abnormal glucose screening 1.04 (1.01-
1.08); gestational diabetes 1.18 (1.11-1.18) and pre-existing diabetes 1.60 (1.49-1.71);
pre-existing hypertension 1.16 (1.10-1.23); overweight 1.27 (1.24—1.30); obese class | 1.46
(1.42—1.51); obese class 11 1.73 (1.67—1.80); and obese class 1l 1.97 (1.88-2.07); adjusting
for established risk factors, medical facility and year. The associations between maternal
cardiometabolic risk factors and primary cesarean delivery remained among infants with
appropriate weights for gestational age. The PARs were 17.4% for overweight/obesity,
7.0% for maternal hyperglycemia, 2.0% for pre-existing hypertension and 20.5% for any car-
diometabolic risk factor.

PLOS ONE | https://doi.org/10.1371/journal.pone.0199932  July 3, 2018

1/11


https://doi.org/10.1371/journal.pone.0199932
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0199932&domain=pdf&date_stamp=2018-07-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0199932&domain=pdf&date_stamp=2018-07-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0199932&domain=pdf&date_stamp=2018-07-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0199932&domain=pdf&date_stamp=2018-07-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0199932&domain=pdf&date_stamp=2018-07-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0199932&domain=pdf&date_stamp=2018-07-03
https://doi.org/10.1371/journal.pone.0199932
https://doi.org/10.1371/journal.pone.0199932
http://creativecommons.org/licenses/by/4.0/

@° PLOS | ONE

Cardiometabolic risk and cesarean section

DOR.IRB.Submissions@kp.org. All other relevant
data are within the paper.

Funding: This research was supported by a Kaiser
Permanente Community Benefit grant (MIMH). The
funders had no role in study design, data collection
and analysis, decision to publish, or preparation of
the manuscript.

Competing interests: The authors have declared
that no competing interests exist.

Conclusions

Maternal cardiometabolic risk factors were independently associated with risk of primary
cesarean delivery, even among women delivering infants born at an appropriate size for
gestational age. Effective strategies to increase the proportion of women entering preg-
nancy at an optimal weight with normal blood pressure and glucose before pregnancy could
potentially eliminate up to 20% of cesarean deliveries.

Introduction

Primary cesarean delivery rates in the United States increased from 14.6% of births in 1996[1]
to 21.9% in 2012[2]. Cesarean sections are now the most common surgery performed in the
United States. This rapid increase occurred despite the fact that cesarean delivery increases the
risk of adverse perinatal outcomes, including surgical complications, severe hemorrhage, puer-
peral infection and cardiac arrest[3] as well as complications requiring admission to the neo-
natal intensive care unit, obstetrical care related costs and the likelihood of delivery by
cesarean section in subsequent births[4, 5]. A 2011 Joint Commission report determined that
there are no data supporting that higher rates of cesarean sections improve perinatal outcomes,
and yet the rates continue to rise[6]. Thus, reducing primary cesarean deliveries is essential to
reduce the related morbidities. Studies are needed on potentially modifiable risk factors associ-
ated with primary cesarean delivery to inform future interventions to reduce rates of cesarean
deliveries[6].

A growing body of literature is showing the multifactorial reasons for the rise in cesarean
sections. Increases in obesity[7-9], pre-gestational diabetes[10], gestational diabetes mellitus
(GDM)[11], and hypertension, for example, have occurred in parallel to the rise in primary
cesarean section deliveries in recent decades, which provides evidence that adverse maternal
cardiometabolic profile in pregnancy contributes to the high rates of primary cesarean section
delivery. While several studies have examined the separate effects of obesity, glucose intoler-
ance, and hyptetension in relation to cesarean section[12-17], the independent and joint
effects of these cardiometabolic risk factors is unclear. In addition, while these maternal cardi-
ometabolic risk factors impact fetal growth[18, 19], whether the impact of these risk factors on
risk of cesarean delivery varies by infant size for gestational age remains unclear.

This cohort study examined the independent and joint associations between maternal car-
diometabolic risk factors (BMI, pregnancy glycemia and pre-existing hypertension) and pri-
mary cesarean delivery overall and by infant size for gestational age in a racially-ethnically
diverse cohort of 185,045 women delivering in Kaiser Permanente Northern California
(KPNC) from 2001 to 2010. Our overall aim was to elucidate the degree to which maternal car-
diometabolic risk factors contribute to primary cesarean deliveries, and whether these associa-
tions vary by infant size at birth in an integrated health care system with uniform access to
care and finally to quantify the extent to which we could reduce the rates of cesarean section if
we improved maternal cardiometabolic risk factors at a population level.

Materials and methods

Kaiser Permanente Northern California (KPNC) provides comprehensive medical services
through 14 delivery hospitals and 23 outpatient clinics to over 3 million members located in a
14-county region of Northern California. KPNC membership is well-representative of the
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population living in the geographical area served by this large, integrated health care delivery
system, except that the KPNC population has slightly lower representation at the extremes of
income[20]. As KPNC is an integrated health care delivery system, all pregnant women have
access to care in a setting where the cost structure does not incentivize cesarean sections.

We identified 204, 231 singleton live births to women aged 15-45 between 2001 and 2010
among women without a prior cesarean section. We then matched this cohort to the California
birth certificate record (99% successful linkage). We excluded women whose gestational age
was less than 24 weeks or greater than 45 weeks (N = 3,274). We also excluded women for
whom we were unable to verify whether the delivery resulted in a vaginal birth or cesarean
delivery (N = 1,553). To confirm the delivery was a primary cesarean section, we first used
ICD-9 code 654.2x to identify whether women had a prior cesarean, which we confirmed by
verifying that the California state birth certificate was coded as a repeat cesarean. We excluded
2,059 deliveries for whom we were unable to confirm if they had a prior cesarean delivery con-
sistently between these two sources. We also excluded deliveries at medical facilities that were
not in existence during the entire study period (N = 12,300), leaving us with a final analytic
cohort of 185,045. Of these, there were 152,011 unique women in the cohort due to the inclu-
sion of repeat pregnancies.

Cesarean delivery was based on ICD-9 codes available in the EMR: 74.xx (excluding 74.3
and 74.91) and ICD-9 diagnosis: 669.7. Primary cesarean deliveries identified by ICD-9 codes
were also verified against the California birth certificate record and the KPNC infant cohort
database[21] (~98.9% were validated based on at least two sources).

We obtained maternal age at delivery, height, pregnancy body weight (assessed on average
at 17 weeks’ gestation, with a range of 6-26 weeks’ gestation), and gestational age at the weight
measurement from electronic medical records (EMR).

We searched the KPNC Diabetes Registry[22] to identify women with pre-existing diabetes.
We then searched the KPNC Pregnancy Glucose Tolerance Registry[11], which classifies
women without pre-existing diabetes by glucose values obtained from a 50-g glucose challenge
test (hereafter referred to as the screening test). Women with an abnormal result (>140 mg/dl)
receive a follow up 100-g, 3-hour oral glucose tolerance test (hereafter referred to as the diag-
nostic test). At KPNC, 94% of women delivering live-born singletons undergo the recom-
mended screening test for GDM[11].

We classified women as having GDM if two or more of the four plasma glucose values
obtained during the 3-hour diagnostic test were abnormal according to the Carpenter-Coustan
plasma glucose thresholds for GDM (fasting, 95 mg/dl; 1-hour, 180 mg/dl; 2-hour, 155 mg/dl;
3-hour, 140 mg/dl) or if there was an outpatient diagnosis of GDM[23]. Abnormal screening
was defined as women having an abnormal screening test (>140 mg/dl), but a normal diag-
nostic test (one or fewer abnormal values on the 3-hour diagnostic test).

We calculated pregnancy BMI as the maternal weight (kilograms) divided by height
(meters) squared. BMI categories were created based on the World Health Organization Inter-
national Classification: underweight (<18.5 kg/m?), normal (18.5-24.99 kg/m?), overweight
(25.0-29.99 kg/mz), obese (30.00-34.99 kg/mz), obese class II (35.0 kg/m2-39.9 kg/mz), and
obese class III (40.0 kg/m2 or higher)[24].

Covariates

Infant size for gestational age. We defined large for gestational age (LGA) as birthweight
greater than the 90" percentile and small for gestational age (SGA) as birthweight less than the
10™ percentile, both according to the study population’s race-ethnicity and gestational age-
specific birth weight distribution.
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We obtained maternal education and race-ethnicity from the California birth certificate.
We identified the following potential indications for cesarean section: obstructed labor using
ICD-9 codes: 660.0,660.3 and 660.4; fetopelvic disproportion using ICD-9 codes: 653.4-653.9;
breech position using ICD-9 codes 652.2 and Placenta previa using ICD-9 codes 641.0 and
641.1. Pre-existing hypertension as essential hypertension; hypertension secondary to a
chronic underlying condition; pre-eclampsia or eclampsia superimposed on pre-existing
hypertension; and unspecified hypertension of pregnancy (ICD-9 codes 642.0, 642.1,642.2 and
642.7).

Statistical analysis

Univariable and multivariable Poisson regression with robust standard errors were used to
provide crude and adjusted estimates of relative risks (RR) and 95% Cls for cesarean delivery
risk associated with maternal cardiometabolic factors[25]. RR estimates were adjusted for
maternal age at delivery, race-ethnicity, maternal education, parity, and medical facility to
account for possible changes in the demographics and underlying risk factor for cesarean
deliveries in the study population. We calculated partial population attributable risks (PAR)
for being overweight or obese during pregnancy by the method described by Spiegelman and
colleagues [26], using a publicly-available SAS Macro http://www.hsph.havard.edu/faculty/
spiegelman/par.html). We used the KPNC population data to estimate the prevalence of GDM
for the PAR calculations. We examined effect modification between maternal cardiometabolic
risk factors and infant size for gestational age and all were significant (p-interaction

BMI = 0.001, maternal glucose tolerance status: 0.003 and hypertension 0.010). Therefore, we
conducted a stratified analysis by infant size for gestational age to see if the associations with
maternal cardiometabolic risk factors were independent of infant size. We used SAS version
9.3 (SAS Institute Inc., Cary, NC) for all analyses.

The Kaiser Permanente Northern California Institutional Review Board and the State of
California Committee for the Protection of Human Subjects approved this study and waived
the requirement for obtaining written informed consent from study participants. Patient rec-
ords were anonymized and de-identified prior to analysis.

Results

The cohort was racially and ethnically diverse with more than 63% from non-white racial eth-
nic minority groups and over half of the women were overweight or obese, half of women
were nulliparous and just over one third of women had a college education or higher

(Table 1).

Several maternal cardiometabolic risk factors appear to independently contribute to risk of
cesarean delivery above and beyond other established risk factors. Table 2 shows the relative
risks (RRs) and 95% Cls from a single multivariable model containing all cardiometabolic risk
factors; the risk of having a cesarean delivery increased along with maternal BMI, increasing
glucose intolerance, and maternal hypertension. All maternal cardiometabolic risk factors
were significantly and independently associated with having a cesarean section delivery. These
associations remained significant after further adjusting for other indications for cesarean
delivery: fetopelvic disproportion, obstructed labor, placenta previa and breech position
(Table 2). In addition, women delivering either SGA [RR 1.12 (95% CI:1.09-1.16)] or LGA
[RR 1.44 (95% CI: 1.40-1.49)] infants also had an increased risk of cesarean delivery when
compared with women delivering appropriate size for gestational age infants (Table 2). We
found a trend of increasing risk of cesarean delivery with increasing number of cardiometa-
bolic risk factor (RR:0 risk factors = reference group, 1 risk factor 1.37 (95% CI, 1.34-1.41), 2
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Table 1. Demographic characteristics by calendar year: Kaiser Permanente Northern California, 2001-2010".

Maternal/infant factor N = 185,045
n (%)

Primary cesarean rate 30,347 (16.4)
Age at delivery (years)

Mean * SD 29.0£55
Race/Ethnicity

Non-Hispanic White 67,922 (36.8)

Hispanic 51,533 (27.9)

Asian 41,856 (22.7)

Black 14,114 (7.7)

Other 9,079 (4.9)
Pregnancy body mass index (kg/m”)

< 18.5 (Underweight) 2,396 (1.3)

18.5-24.9 (Normal weight) 81,117 (43.8)

25.0-29.9 (Overweight) 57,899 (31.3)

30.0-34.9 (Obese class I) 26,160 (14.1)

35.0-39.9 (Obese class II) 11,131 (6.0)

> 40 (Obese class III) 6,342 (3.4)
Glucose tolerance

Normal screening 140,781 (78.5)

Abnormal screening and Normal 3-h OGTT 20,780 (11.6)

Gestational diabetes 16,546 (9.2)

Pre-existing diabetes 1,304 (0.7)
Hypertension status

None 162,673 (89.9)

Pre-existing hypertension 4,190 (2.3)

Gestational hypertension 6,226 (3.4)

Preeclampsia/Eclampsia 7,860 (4.3)
Infant birth weight (grams)

Mean * SD 3,395.7 £ 545.9
Size for gestational age

Small for gestational age 18,154 (9.8)

Appropriate for gestational age 150,311 (81.2)

Large for gestational age 16,575 (9.0)
Fetopelvic disproportion 3,590 (2.0)
Obstructed Labor 9,159 (5.1)
Placenta Previa 1,526 (0.8)
Breech Position 10,950 (6.1)

! Not reported, missing, and unknown are as follows: Race: n = 541, Glucose tolerance: n = 5,634, size for gestational
age:n = 5 and n = 4096 women were missing all hospital discharge diagnoses codes and were missing information on

hypertension, fetopelvic disproportion, obstructed labor, placenta previa, and breech position.

https://doi.org/10.1371/journal.pone.0199932.t001

risk factors 1.69 (95% CI, 1.64-1.74), and 3+ risk factors (2.34 (95% CI, 2.19-2.51); P- trend =
<0.01).

Maternal overweight/obesity synergistically increases the risk of cesarean delivery above
and beyond maternal glucose intolerance and pre-existing hypertension. The joint effects of
maternal hypertension and maternal overweight/obesity are reported in Fig 1. Compared to
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Table 2. Risk Ratios (RRs) and 95% confidence intervals (Cls) for primary cesarean delivery associated with

maternal and infant factors.

Maternal/infant factor RR (95% CI)

Year of delivery Model 1" Model 2*
2001 1.00 (ref) 1.00 (ref)
2002 1.04 (0.98-1.10) 1.05 (0.99-1.11)
2003 1.02 (0.96-1.08) 1.05 (0.99-1.11)
2004 1.04 (0.99-1.10) 1.10 (1.04-1.16)
2005 1.08 (1.02-1.14) 1.15 (1.09-1.21)
2006 1.08 (1.03-1.14) 1.21 (1.15-1.28)
2007 1.10 (1.04-1.16) 1.29 (1.23-1.36)
2008 1.11 (1.06-1.17) 1.29 (1.23-1.36)
2009 1.08 (1.02-1.13) 1.23 (1.17-1.30)
2010 1.00 (0.95-1.06) 1.16 (1.10-1.22)

Pregnancy body mass index (kg/m?)

< 18.5 (underweight)

0.79 (0.70-0.89)

0.79 (0.71-0.88)

18.5-24.9 (normal weight)

1.00 (ref)

1.00 (ref)

25.0-29.9 (overweight)

1.26 (1.23-1.30)

1.26 (1.23-1.29)

30.0-34.9 (obese class I)

1.46 (1.42-1.51)

1.43 (1.38-1.47)

35.0-39.9 (obese class II)

1.68 (1.62-1.75)

> 40 (obese class IIT)

(
1.72 (1.65-1.79)
1.98 (1.89-2.07)

1.90 (1.81-1.99)

Glucose tolerance

Normal screening

1.00 (ref)

1.00 (ref)

Abnormal screening and normal 3-hour OGTT

1.05 (1.02-1.08)

1.04 (1.01-1.07)

Gestational diabetes

1.16 (1.13-1.20)

1.15(1.11-1.18)

Pre-existing diabetes

1.53 (1.43-1.63)

1.47 (1.37-1.59)

Hypertension status

No hypertension

1.00 (ref)

1.00 (ref)

Gestational hypertension

1.18 (1.12-1.23)

1.15 (1.10-1.21)

Pre-existing hypertension

1.28 (1.22-1.35)

1.23 (1.16-1.30)

Preeclampsia / Eclampsia

1.58 (1.53-1.64)

1.53 (1.47-1.58)

Size for gestational age

Small for gestational age

1.07 (1.04-1.11)

1.09 (1.06-1.13)

Appropriate for gestational age

1.00 (ref)

1.00 (ref)

Large for gestational age

1.68 (1.64-1.73)

1.44 (1.40-1.49)

! Adjusted for maternal age at delivery, race/ethnicity, education level, medical facility of delivery, and parity.

% Adjusted for maternal age at delivery, race/ethnicity, education level, medical facility of delivery, parity, obstructed

labor status, fetopelvic disproportion status, placenta previa status, and breech position status.

https://doi.org/10.1371/journal.pone.0199932.t1002

low-risk women with a BMI <25.0 kg/m? and normal blood pressure, women with a
BMI < 25.0 with pre-existing hypertension had a 28% increased risk, overweight/obese
women with normal blood pressure had a 45% increased risk, and overweight/obese women
with pre-existing hypertension had a 2-fold increased risk of having a primary cesarean sec-
tion. The independent and joint effects of maternal glucose tolerance status and maternal over-
weight/obesity are reported in Fig 2. For all degrees of glucose intolerance status in pregnancy,
the risk of requiring a cesarean delivery was higher among overweight and obese pregnant
women. For women with pre-existing diabetes, we found a 2.5 fold increased risk of requiring
cesarean section that was independent of maternal BMI (Fig 2).
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Fig 1. The joint effects of maternal BMI on maternal pre-existing hypertension in relation to primary cesarean delivery.

https://doi.org/10.1371/journal.pone.0199932.9001
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The increased risk for cesarean delivery appears to occur even among infants who are
appropriate for gestational age (Table 3). The relative risks for having a cesarean section associ-
ated with pre-pregnancy BMI among women whose infants were appropriate size for gesta-
tional age were higher than for women whose infants were large for gestational age. These
rates were not different than the risk ratios for women whose infants were small for gestational
age, suggesting cesarean sections associated with women with high pregnancy BMIs are occur-
ring even among women whose infants are appropriate size. Similarly, even among women
whose infants were appropriate for gestational age, the risk ratio associated with gestational
diabetes was 1.16 (95% CI: 1.12-1.20).

The population attributable risks suggest that the percentages of cesarean deliveries that
could be prevented if maternal cardiometaobolic risk factors were eliminated were 17.4% for
overweight/obesity, 7.0% for hyperglycemia, 2% for hypertension and 20.5% for any cardiome-
tabolic risk factor.

Discussion

We found adverse maternal cardiometabolic risk factors including increasing degree of preg-
nancy glucose intolerance status, pre-existing hypertension and maternal overweight or
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Fig 2. The joint effects of maternal BMI and maternal glucose tolerance status and primary cesarean delivery.

https://doi.org/10.1371/journal.pone.0199932.9002
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Table 3. Risk Ratios (RRs)" and 95% confidence intervals (CIs) for primary cesarean delivery associated with

maternal cardiometabolic risk factors, stratified by infant size at delivery.

Maternal Cardiometabolic Risk Factor
Pregnancy body mass index (kg/m?)
< 18.5 (underweight)
18.5-24.9 (normal weight)
25.0-29.9 (overweight)
30.0-34.9 (obese class I)
35.0-39.9 (obese class II)
> 40 (obese class IIT)
Glucose tolerance
Normal screening
Abnormal screening/normal 3-hour OGTT
Gestational diabetes
Pre-existing diabetes
Hypertension status
No hypertension
Gestational hypertension
Preeclampsia / Eclampsia

Pre-existing hypertension

SGA

0.79 (0.61-1.02)
1.00

1.29 (1.20-1.39)

1.51 (1.37-1.66)

1.72 (1.52-1.95)

2.13 (1.85-2.44)

1.00

1.08 (0.98-1.19)
1.07 (0.96-1.18)
1.42 (1.10-1.83)

1.00
1.23 (1.08-1.39)
1.81 (1.67-1.96)
1.52 (1.34-1.72)

AGA

0.80 (0.70-0.92)
1.00

1.27 (1.23-1.30)

1.47 (1.42-1.53)

1.75 (1.67-1.84)

2.07 (1.96-2.18)

1.00

1.04 (1.00-1.08)
1.14 (1.10-1.19)
1.53 (1.40-1.67)

1.19 (1.12-1.25)
1.58 (1.51-1.65)
1.28 (1.20-1.35)

LGA

0.84 (0.48-1.47)
1.00

1.19 (1.11-1.28)

1.34 (1.24-1.45)

1.49 (1.36-1.64)

1.61 (1.46-1.78)

1.00

1.09 (1.01-1.17)
1.33 (1.25-1.42)
1.70 (1.52-1.89)

1.09 (0.99-1.21)
1.29 (1.18-1.41)
1.08 (0.95-1.23)

! Adjusted for year of delivery, maternal age at delivery, race/ethnicity, education level, medical facility of delivery

and parity.

https://doi.org/10.1371/journal.pone.0199932.t003

obesity were all independent risk factors for primary cesarean delivery, after adjusting for
other established risk factors for cesarean delivery. Maternal glucose intolerance status and
pre-existing hypertension both synergistically increased the risk of primary cesarean section
beyond the risk associated with maternal overweight/obesity alone. The estimated population
attributable risk for having any cardiometabolic risk factor was 20.5% and the population
attributable risk for maternal overweight/obesity it was 17%. The high population-attributable
risk for high BMI is driven by the high prevalence of overweight/obesity among pregnant
women and highlights the need for strategies to decrease overweight and obesity among repro-
ductive-aged women.

The risk of requiring a cesarean delivery increased with increasing BMI category and was
highest among obese class III women. These findings are consistent with prior studies which
suggested there is an increased risk of cesarean delivery with increasing BMI category[12-15].
Surprisingly, we found the relative risk of cesarean section among obese class III women was
highest among women whose infants were either small or appropriate for gestational age, sug-
gesting this effect is independent of excess fetal growth. The reason underlying the increased
risk of cesarean delivery among severely obese women occurring even when the infant is nor-
mal or small size may include the practice of “defensive medicine”[27] for fear of malpractice
lawsuits, biologic risk factors, or other maternal medical indications for a planned cesarean
section. For example, it has been suggested that obese women may have more labor complica-
tions due to having a longer active labor phase and decreased cervical dilation rate which may
prompt providers to perform a cesarean delivery[28, 29].

We found that maternal pre-existing hypertension was significantly associated with an
increased risk of cesarean delivery independent of other known risk factors and indications.
However, the population attributable risk associated with pre-existing hypertension was only
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2.0% compared with 17.0% for overweight/obesity, suggesting that while pre-existing hyper-
tension is risk factor for requiring a primary cesarean delivery, at the population level they are
not accounting for a large a percentage of cesarean deliveries compared to maternal over-
weight and obesity since the overall prevalence of pre-existing hypertension among pregnant
women is still low. Recently, a large study of 123 million singleton deliveries in the United
States (1979-2010) found period effects in primary cesarean increasing after 1997 that were
explained by a combination of trends in obesity and chronic hypertension, as well as demo-
graphic shifts over time[30].

A prior study of 42,071 singleton births in South Carolina found that both pre-existing dia-
betes and GDM increased the risk of cesarean delivery independently of their effects on birth
weight[16]; however, they lacked information on maternal BMI and objectively measured glu-
cose levels during pregnancy. Another study of women undergoing a labor trial found that
both prepregnancy obesity and diabetes independently increased the risk for cesarean delivery
[17]. We were able to look at increasing degree of objectively measured maternal glucose toler-
ance status and found a trend of increasing risk of primary cesarean delivery with increasing
degree of maternal glucose intolerance. We observed a modest increased risk of primary cesar-
ean section among women with GDM even when infants were appropriate for gestational age.
This is similar to a finding in the landmark study by Naylor et al which found that clinicians
performed cesarean sections more often among women diagnosed with GDM, even in the
absence of excess fetal growth[31]. Further research is required to understand the increased
primary cesarean section rates among women with GDM and mild hyperglycemia even when
delivering appropriate size for gestational age infants. We also found a significant increased
risk of primary cesarean section among women whose infants were born appropriate size for
gestational age associated with maternal overweight and obesity and hypertension. This sug-
gests that the associations between maternal cardiometabolic risk factors and primary cesarean
section are not due exclusively to the excess or restricted fetal growth associated with the risk
factors.

The strengths of this study include the large racially, ethnically, and socioeconomically
diverse population of women, the integrated health care delivery system which ensures access
to medical care, and the electronic health record which provides high quality data. This
enabled us to look at the contribution of maternal cardiometabolic risk factors to risk of pri-
mary cesarean deliveries. In addition, in KPNC there is no cost incentive to perform additional
cesarean sections. However, the study also had limitations. We were unable to determine
whether the cesarean section deliveries were planned or emergency. KPNC may not be gener-
alizable to the extremes of the income distribution which are slightly under-represented in the
KPNC membership [32, 33]; the findings may also not be generalizable to other health systems
with different practice guidelines or to the uninsured population. We lacked more detailed
measures of quality of obstetric care, such as provider characteristics which might have helped
us better understand the observed associations. Future studies are needed to determine if the
increased performance of cesarean deliveries among women with cardiometabolic risk factors
improves health outcomes for the mother and the baby or if the recognition of these condi-
tions causes clinicians to have a lower threshold for performing cesarean deliveries without
added benefit for mom and baby.

Maternal adverse cardiometabolic risk factors including overweight/obesity, glucose toler-
ance status and pre-existing hypertension were all independently associated with risk of cesar-
ean delivery even after controlling for infant size for gestational age and other indications for
having a cesarean delivery. Strategies to increase the proportion of women entering pregnancy
at an optimal weight and to improve glucose and hypertension before and/or during preg-
nancy could potentially eliminate up to 20% of cesarean deliveries. Given that maternal
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cardiometabolic risk factors are associated with cesarean deliveries even when infants are
appropriate for gestational age, it is important to further clarify the patient, clinician and
health system-level factors contributing to primary cesarean deliveries, especially among
women with adverse cardiometabolic risk profiles.

Author Contributions

Conceptualization: Monique M. Hedderson, Yvonne Crites.

Formal analysis: Monique M. Hedderson, Fei Xu, Charles P. Quesenberry.
Funding acquisition: Monique M. Hedderson.

Investigation: Monique M. Hedderson.

Methodology: Monique M. Hedderson.

Writing - original draft: Monique M. Hedderson, Sneha B. Sridhar, Emily S. Han, Yvonne
Crites.

Writing - review & editing: Monique M. Hedderson, Sneha B. Sridhar, Emily S. Han, Yvonne
Crites.

References

1. Martin JA, Hamilton BE, Sutton PD, Ventura SJ, Menacker F, Kirmeyer S. Births: final data for 2004.
Natl Vital Stat Rep. 2006; 55(1):1-101. PMID: 17051727

2. Osterman MJ, Martin JA. Primary cesarean delivery rates, by state: results from the revised birth certifi-
cate, 2006—-2012. Natl Vital Stat Rep. 2014; 63(1):1-11. PMID: 24461076.

3. Conroy K, Koenig AF, Yu YH, Courtney A, Lee HJ, Norwitz ER. Infectious morbidity after cesarean
delivery: 10 strategies to reduce risk. Rev Obstet Gynecol. 2012; 5(2):69-77. PubMed Central PMCID:
PMCPMC3410505. PMID: 22866185

4. Liston FA, Allen VM, O’Connell CM, Jangaard KA. Neonatal outcomes with caesarean delivery at term.
ArchDisChild Fetal Neonatal Ed. 2008; 93(3):F176-F82.

5. Pfuntner A, Levit K, Elixhauser A. Components of Cost Increases for Inpatient Hospital Procedures,
1997-2009: Statistical Brief #133. Healthcare Cost and Utilization Project (HCUP) Statistical Briefs.
Rockville (MD)2006.

6. Commission TJ. Specifications manual for Joint Commission national quality measures (v2011A): PC-
02NTSV cesarean section2011.

7. Flegal KM, Carroll MD, Kit BK, Ogden CL. Prevalence of obesity and trends in the distribution of body
mass index among US adults, 1999-2010. JAMA. 2012; 307(5):491-7. https://doi.org/10.1001/jama.
2012.39 PMID: 22253363.

8. Flegal KM, Carroll MD, Ogden CL, Johnson CL. Prevalence and trends in obesity among US adults,
1999-2000. JAMA. 2002; 288(14):1723-7. PMID: 12365955.

9. Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and trends in obesity among US adults,
1999-2008. JAMA. 2010; 303(3):235—-41. https://doi.org/10.1001/jama.2009.2014 PMID: 20071471.

10. Lawrence JM, Contreras R, Chen W, Sacks DA. Trends in the prevalence of preexisting diabetes and
gestational diabetes mellitus among a racially/ethnically diverse population of pregnant women, 1999—
2005. Diabetes Care. 2008; 31(5):899-904. https://doi.org/10.2337/dc07-2345 PMID: 18223030

11. Ferrara A, Kahn HS, Quesenberry C, Riley C, Hedderson MM. An increase in the incidence of gesta-
tional diabetes mellitus: Northern California, 1991-2000. ObstetGynecol. 2004; 103(3):526—-33.

12. Crane SS, Wojtowycz MA, Dye TD, Aubry RH, Artal R. Association between pre-pregnancy obesity and
the risk of cesarean delivery. ObstetGynecol. 1997; 89(2):213-6.

13. Vahratian A, Siega-Riz AM, Savitz DA, Zhang J. Maternal pre-pregnancy overweight and obesity and
the risk of cesarean delivery in nulliparous women. Ann Epidemiol. 2005; 15(7):467—-74. https://doi.org/
10.1016/j.annepidem.2005.02.005 PMID: 15921926

14. Dietz PM, Callaghan WM, Morrow B, Cogswell ME. Population-based assessment of the risk of primary
cesarean delivery due to excess prepregnancy weight among nulliparous women delivering term

PLOS ONE | https://doi.org/10.1371/journal.pone.0199932  July 3, 2018 10/11


http://www.ncbi.nlm.nih.gov/pubmed/17051727
http://www.ncbi.nlm.nih.gov/pubmed/24461076
http://www.ncbi.nlm.nih.gov/pubmed/22866185
https://doi.org/10.1001/jama.2012.39
https://doi.org/10.1001/jama.2012.39
http://www.ncbi.nlm.nih.gov/pubmed/22253363
http://www.ncbi.nlm.nih.gov/pubmed/12365955
https://doi.org/10.1001/jama.2009.2014
http://www.ncbi.nlm.nih.gov/pubmed/20071471
https://doi.org/10.2337/dc07-2345
http://www.ncbi.nlm.nih.gov/pubmed/18223030
https://doi.org/10.1016/j.annepidem.2005.02.005
https://doi.org/10.1016/j.annepidem.2005.02.005
http://www.ncbi.nlm.nih.gov/pubmed/15921926
https://doi.org/10.1371/journal.pone.0199932

@° PLOS | ONE

Cardiometabolic risk and cesarean section

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

infants. Matern Child Health J. 2005; 9(3):237—44. https://doi.org/10.1007/s10995-005-0003-9 PMID:
16078011

Dempsey JC, Ashiny Z, Qiu CF, Miller RS, Sorensen TK, Williams MA. Maternal pre-pregnancy over-
weight status and obesity as risk factors for cesarean delivery. JMaternFetal Neonatal Med. 2005; 17
(3):179-85.

Remsberg KE, McKeown RE, McFarland KF, Irwin LS. Diabetes in pregnancy and cesarean delivery.
Diabetes Care. 1999; 22(9):1561-7. PMID: 10480526

Clark SL, Xu W, Porter TF, Love D. Institutional influences on the primary cesarean section rate in Utah,
1992 to 1995. AmJObstetGynecol. 1998; 179(4):841-5.

LiN, Liu E, Guo J, Pan L, Li B, Wang P, et al. Maternal prepregnancy body mass index and gestational
weight gain on pregnancy outcomes. PLoS One. 2013; 8(12):€82310. https://doi.org/10.1371/journal.
pone.0082310 PMID: 24376527; PubMed Central PMCID: PMCPMC3869661.

Hesse BW, Nelson DE, Kreps GL, Croyle RT, Arora NK, Rimer BK, et al. Trust and sources of health

information: the impact of the Internet and its implications for health care providers: findings from the

first Health Information National Trends Survey. Arch Intern Med. 2005; 165(22):2618-24. https://doi.
org/10.1001/archinte.165.22.2618 PMID: 16344419

Gordon NP. Similarity of the adult Kaiser Permanente membership in Northern California to the insured
and general population in Northern California: Statistics from the 2011 California Health Interview Sur-
vey Oakland, CA: Kaiser Permanente Division of Research, 2015.

Escobar GJ, Fischer A, Kremers R, Usatin MS, Macedo AM, Gardner MN. Rapid retrieval of neonatal
outcomes data: the Kaiser Permanente Neonatal Minimum Data Set. QualManagHealth Care. 1997; 5
(4):19-383.

Selby JV, Ray GT, Zhang D, Colby CJ. Excess costs of medical care for patients with diabetes in a man-
aged care population. Diabetes Care. 1997; 20:1396-402. PMID: 9283786

Committee opinion no. 504: screening and diagnosis of gestational diabetes mellitus. ObstetGynecol.
2011; 118(3):751-3.

WHO. The International Classification of adult underweight, overweight and obesity according to
BMI2012.

Zou G. A modified poisson regression approach to prospective studies with binary data. Am J Epide-
miol. 2004; 159(7):702—6. PMID: 15033648.

Spiegelman D, Hertzmark E, Wand HC. Point and interval estimates of partial population attributable
risks in cohort studies: examples and software. Cancer Causes Control. 2007; 18(5):571-9. https://doi.
org/10.1007/s10552-006-0090-y PMID: 17387622

Dubay L, Kaestner R, Waidmann T. The impact of malpractice fears on cesarean section rates. J Health
Econ. 1999; 18(4):491-522. PMID: 10539619.

Nuthalapaty FS, Rouse DJ, Owen J. The association of maternal weight with cesarean risk, labor dura-
tion, and cervical dilation rate during labor induction. Obstet Gynecol. 2004; 103(3):452-6. https://doi.
org/10.1097/01.A0G.0000102706.84063.C7 PMID: 14990405.

Buhimschi CS, Buhimschi IA, Malinow AM, Weiner CP. Intrauterine pressure during the second stage
of labor in obese women. Obstet Gynecol. 2004; 103(2):225-30. https://doi.org/10.1097/01.AOG.
0000102706.84063.C7 PMID: 14754688.

Ananth CV, Friedman AM, Keyes KM, Lavery JA, Hamilton A, Wright JD. Primary and Repeat Cesarean
Deliveries: A Population-based Study in the United States, 1979-2010. Epidemiology. 2017; 28
(4):567-74. hitps://doi.org/10.1097/EDE.0000000000000658 PMID: 28346271; PubMed Central
PMCID: PMCPMC5501955.

Naylor CD, Sermer M, Chen E, Sykora K. Cesarean delivery in relation to birth weight and gestational
glucose tolerance: pathophysiology or practice style? Toronto Trihospital Gestational Diabetes Investi-
gators [see comments]. JAMA. 1996; 275:1165—70. PMID: 8609683

Gordon NP. Similarity of the Adult Kaiser Permanente Membership in Northern California to the Insured
and General Population in Northern California: Statistics from the 2009 California Health Interview Sur-
vey. Oakland, CA: Kaiser Permanente Division of Research, 2012.

Krieger N. Overcoming the absence of socioeconomic data in medical records: validation and applica-
tion of a census-based methodology. AmJPublic Health. 1992; 82(5):703—10.

PLOS ONE | https://doi.org/10.1371/journal.pone.0199932  July 3, 2018 11/11


https://doi.org/10.1007/s10995-005-0003-9
http://www.ncbi.nlm.nih.gov/pubmed/16078011
http://www.ncbi.nlm.nih.gov/pubmed/10480526
https://doi.org/10.1371/journal.pone.0082310
https://doi.org/10.1371/journal.pone.0082310
http://www.ncbi.nlm.nih.gov/pubmed/24376527
https://doi.org/10.1001/archinte.165.22.2618
https://doi.org/10.1001/archinte.165.22.2618
http://www.ncbi.nlm.nih.gov/pubmed/16344419
http://www.ncbi.nlm.nih.gov/pubmed/9283786
http://www.ncbi.nlm.nih.gov/pubmed/15033648
https://doi.org/10.1007/s10552-006-0090-y
https://doi.org/10.1007/s10552-006-0090-y
http://www.ncbi.nlm.nih.gov/pubmed/17387622
http://www.ncbi.nlm.nih.gov/pubmed/10539619
https://doi.org/10.1097/01.AOG.0000102706.84063.C7
https://doi.org/10.1097/01.AOG.0000102706.84063.C7
http://www.ncbi.nlm.nih.gov/pubmed/14990405
https://doi.org/10.1097/01.AOG.0000102706.84063.C7
https://doi.org/10.1097/01.AOG.0000102706.84063.C7
http://www.ncbi.nlm.nih.gov/pubmed/14754688
https://doi.org/10.1097/EDE.0000000000000658
http://www.ncbi.nlm.nih.gov/pubmed/28346271
http://www.ncbi.nlm.nih.gov/pubmed/8609683
https://doi.org/10.1371/journal.pone.0199932



