
Gat et al. J Anesth Analg Crit Care            (2023) 3:21  
https://doi.org/10.1186/s44158-023-00105-7

ORIGINAL ARTICLE Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Journal of Anesthesia,
Analgesia and Critical Care

Medical and obstetric comorbidities 
and delivery outcomes in overweight and obese 
parturients: a retrospective analysis
Roi Gat1,2*, Eran Hadar2,3, Sharon Orbach‑Zinger2,4 and Sharon Einav5,6 

Abstract 

Background Research on obesity in women of reproductive age is heterogeneous in gestational age and body mass 
index (BMI) classification and focused mostly on pregnancy‑related rather than medical comorbidities. We studied the 
prevalences of pre‑pregnancy BMI, chronic maternal and obstetric comorbidities, and delivery outcomes.

Methods Retrospective analysis of real‑time data collected during deliveries in a single tertiary medical center. Pre‑
pregnancy BMI was classified into seven groups (kg/m2): underweight (BMI < 18.5), normal weight 1 (18.5 ≤ BMI < 22.5), 
normal weight 2 (22.5 ≤ BMI < 25.0), overweight 1 (25.0 ≤ BMI < 27.5), overweight 2 (27.5 ≤ BMI < 30.0), obese 
(30.0 ≤ BMI < 35.0), and morbidly obese (BMI ≥ 35.0). Data were collected on maternal demographics, chronic medical 
and obstetric comorbidities, and delivery outcomes.

Results Included were 13,726 women aged 18–50 years, with a gestational age of  240/7–416/7 weeks. Pre‑pregnancy 
weights were 61.4% normal, 19.8% overweight, 7.6% obese, and 3.3% morbidly obese. Smoking was more prevalent 
among morbidly obese than among normal weight women. Obese and morbidly obese women were older and had 
more diabetes mellitus, hypertension, preeclampsia/eclampsia, and prior cesarean deliveries than normal weight par‑
turients. Obese and morbidly obese women were also less likely to have a non‑spontaneous conception, enter labor 
spontaneously (observed in the full study population and in a subgroup of term parturients), and were more likely to 
undergo cesarean rather than vaginal delivery. Subgroup analysis of primiparous women yielded similar results.

Conclusions We identified a potential association between pre‑pregnancy obesity and morbid obesity and higher 
rates of obstetric comorbidities, less natural conception and spontaneous labor, and more cesarean deliveries and 
adverse delivery outcomes. It remains to be seen if these findings remain after adjustment and whether they are 
related to obesity, treatment, or both.
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Introduction
Obesity, defined by the World Health Organization as 
body mass index (BMI) ≥ 30 kg/m2 [1], is a chronic medi-
cal condition with far-reaching health consequences 
[1, 2]. The prevalence of obesity has been rising almost 
consistently in recent decades worldwide [3], including 
among reproductive age women [4].

Obesity has been associated with a myriad of chronic 
medical conditions [1, 2]. It has also been associated with 
an increased risk for obstetric comorbidities, cesarean 
delivery, postoperative complications, poor pregnancy 
outcomes, and maternal mortality [5] (Supplement 1). 
However, the research on obese parturients is methodo-
logically heterogenous. Prior studies have determined 
BMI at different time points during gestation and have 
used a variety of BMI classifications (Supplement 1). 
Most have focused solely on pregnancy-related comor-
bidities and obstetric outcomes [6–9], while chronic 
medical comorbidities are either unstudied or mentioned 
only in passing.

The current study was therefore designed to exam-
ine the association of pre-pregnancy BMI with medical 
and obstetric (i.e., current pregnancy) comorbidities and 
delivery outcomes.

Methods
We retrospectively analyzed data collected in real time 
during deliveries in a single medical center and report 
our findings in accordance with the Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) and Reporting of studies Conducted using 
Observational Routinely collected Data (RECORD) 
statements [10, 11]. The study was approved by the 
institutional review board (0857–19-RMC, submitted 
December 2019, approved February 2020) with waiver of 
informed consent.

Clinical setting
The Rabin Medical Center (RMC) is a 1300-bed tertiary 
medical center. The RMC labor and delivery ward (L&D) 
serves approximately 9000 deliveries/year, and the annual 
cesarean delivery (CD) rate during the study period 
approximated 23%.

Participants
We screened the medical files of all women admitted to 
L&D between 1 July 2012 and 30 June 2016. We sought 
women aged 18–50  years, admitted for either preterm 
or term delivery (i.e., gestational age at time of delivery 
between  240/7 and  416/7  weeks). Women who did not 
deliver (e.g., L&D admissions for medical observation 

or treatment) were excluded. We also excluded women 
admitted for post-term delivery (i.e., gestational age at 
time of delivery ≥  420/7  weeks) and for lack of data on 
pre-pregnancy weight, height, maternal age, or gesta-
tional age at time of delivery. Women delivering more 
than once during the study period were included as dis-
tinct cases as their characteristics may have changed 
in the interim. Follow-up was to the time of hospital 
discharge.

Variables
The primary study outcomes were the prevalences 
of chronic and obstetric maternal morbidity accord-
ing to pre-pregnancy BMI. Secondary outcomes 
included delivery characteristics, outcomes, and 
postpartum complications according to pre-preg-
nancy BMI among the study population (descrip-
tive), delivery characteristics and outcomes in the 
subgroup of primiparous women (descriptive), and 
the distributions and relation between BMIs at the 
beginning and at the end of pregnancy among study 
population and in the subgroup of healthy parturi-
ents (quantitative).

We collected the following data: maternal age, medi-
cal history (e.g., habitual characteristics, any chronic 
medical condition), height and weight at the beginning 
of pregnancy and at the time of delivery, obstetric history 
(e.g., prior pregnancies, deliveries, and outcomes), data 
regarding current pregnancy (e.g., method of conception, 
number of fetuses), obstetric complications (e.g., gesta-
tional diabetes mellitus, gestational hypertension, preec-
lampsia/eclampsia), delivery outcomes (e.g., onset of 
labor [i.e., spontaneous, induction, or CD with no trial of 
labor], gestational age at birth, mode of delivery), mater-
nal complications during and after delivery (e.g., postpar-
tum hemorrhage), and maternal intensive care unit (ICU) 
admission.

Data sources/measurement
Patient admission files, including medical and 
nursing notes, are fully computerized at the RMC 
 [Chameleon© (electronic health record software, 
ELAD systems, Tel Aviv, Israel)]. All data were down-
loaded to a Microsoft  Excel© spreadsheet as described 
elsewhere [12]. Cases were assigned study serial num-
bers and de-identified.

Data regarding maternal medical and obstetric his-
tory, as well as in- and out-patient pregnancy follow-up 
and complications during the current pregnancy, are 
drawn automatically from prenatal visits and previ-
ous healthcare encounters into the inhospital admission 
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file at the time of admission and are verified with the 
woman. When prior computerized data are unavailable, 
the admitting healthcare staff fills the medical file manu-
ally, preferably based on written medical documentation. 
Hence, data regarding height and weight at the beginning 
of pregnancy were based mainly on prior documentation 
and rarely on self-report. Weight at the end of pregnancy 
was documented in real time by the healthcare staff as 
were obstetric complications and delivery outcomes.

Bias and confounding
We included all consecutive women within a predefined 
time frame in order to minimize selection bias and stud-
ied more than 1 year in order to ensure our data does not 
reflect a limited time period. A subgroup of primiparas 
was studied in order to verify that parity did not influence 
the relation between BMI and delivery outcomes. Gesta-
tional age was adjusted for when studying the relationship 
between BMI and onset of delivery.

Study size
As the main study outcome was observational, the sample 
size was planned to provide stable estimates for the preva-
lence of medical and obstetric comorbidities according to 
pre-pregnancy BMI based on prior studies [8, 9].

Quantitative variables
BMI was calculated as weight/height2 (kg/m2) and divided into 
seven groups: underweight (BMI < 18.50), normal weight 1 
(18.50 ≤ BMI < 22.50), normal weight 2 (22.50 ≤ BMI < 25.00), over-
weight 1 (25.00 ≤ BMI < 27.50), overweight 2 (27.50 ≤ BMI < 30.00), 
obesity (30.00 ≤ BMI < 35.00), and morbid obesity (35.00 ≤ BMI) 
[13]. Parity was divided into three groups: primiparous (1st 
delivery), multiparous (2nd–4th delivery), and grand-multip-
arous (5th delivery and beyond) women [14]. Gestational age 
at birth was divided into term  (370/7–416/7 weeks), late preterm 
 (340/7–366/7 weeks), and preterm  (240/7–336/7 weeks) [15].

Type 1 diabetes mellitus (DM) and type 2 DM were 
unified into a single variable termed “pregestational 
DM.” Preeclampsia, superimposed preeclampsia, HELLP 
(hemolysis, elevated liver enzymes, and low platelets) 
syndrome, and eclampsia were unified into a single vari-
able termed “preeclampsia/eclampsia.”

Statistical analysis
Pre-pregnancy and end of pregnancy BMIs were calcu-
lated for each case. Cases with data on pre-pregnancy 
BMI but missing data regarding other variables (e.g., 
method of conception, mode of delivery) were included. 
Illogical values (e.g., age = 0 or greater than 60  years, 
height ≤ 1.3  m) were imputed as missing data and 

excluded from the analysis. Included cases (i.e., the study 
population) and excluded cases were compared in order 
to examine selection bias.

After cleaning, the data were analyzed using SAS 
9.4 (SAS Institute Inc., Cary, NC, USA). Descriptive 
statistics included counts, percentages, averages with 
their standard deviations (SDs), medians with their 
interquartile ranges, and ranges. Percentages were all 
calculated from the cohort (or relevant sub-cohort) 
as a whole rather than from existing data. The preci-
sion of the estimates for each variable is presented as 
the 95% confidence interval (CI), and group compari-
sons are based on the precision estimates. Odds ratios 
(ORs) and Wald CIs were calculated for induction of 
labor and CD with no trial of labor by pre-pregnancy 
BMI and post hoc for end of pregnancy BMIs. The 
onset of labor was also stratified post hoc by gesta-
tional age in order to study its relationship with BMI 
at the beginning and end of pregnancy. Finally, sub-
group analysis of primiparous women was conducted 
to further clarify the relation between the mode of 
delivery (MOD) and BMI.

Results
During the study period 35,905 women delivered at 
the RMC. Overall, 13,726 women fulfilled eligibil-
ity criteria and were included in the analysis (Sup-
plement 2). Among the excluded cases (n = 22,179), 
the proportion of women with medical and obstetric 
comorbidities and the proportion of women under-
going CD were lower than among the included cases 
(Supplement 3). The proportion of missing data in 
the included cohort was lower than 0.5% in all but 
eight variables (Supplement 4).

The average age of the included parturients was 
31.4 ± 5.2  years, and the average gestational age at 
delivery was  390/7  weeks ± 13  days. Further details 
on the demographics, obstetric characteristics, and 
comorbidities of the cohort as a whole are presented in 
Supplements 3 and 5.

Pre‑pregnancy BMI (Supplement 6)
Overall, 7.8% of the study population were classified 
as underweight (n = 1074), 39.9% as normal weight 
1 (n = 5473), 21.5% as normal weight 2 (n = 2957), 
12.6% as overweight 1 (n = 1734), 7.2% as overweight 
2 (n = 990), 7.6% as obese (n = 1039), and 3.3% as mor-
bidly obese (n = 459).
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Primary outcome
Demographic characteristics and chronic comorbidities 
by pre‑pregnancy BMI (Table 1, Supplement 6)
Maternal age and height were similar among study 
groups. There were more smokers among pre-pregnancy 
morbidly obese women than among women with a 
normal pre-pregnancy BMI. Pregestational DM and 
pregestational HTN were significantly more prevalent 
among obese and morbidly obese women, and their 
prevalences increased with increasing BMI when 
compared to women with normal pre-pregnancy BMI 
(Fig. 1).

Obstetric history and current pregnancy characteristics 
by pre‑pregnancy BMI (Table 2)

The proportion of grand-multiparous women was higher 
among pre-pregnancy overweight 2 and obese women 
than among women with a normal pre-pregnancy BMI. 
The proportion of women with a prior CD also increased 
with increasing BMI. Obese and morbidly obese women 
were less likely to conceive spontaneously than women 
with a normal pre-pregnancy BMI.

Obstetric morbidities by pre‑pregnancy BMI (Table 3)

Gestational DM was significantly more prevalent 
among overweight, obese, and morbidly obese women 
than among women with a normal pre-pregnancy 
BMI. Gestational hypertension was significantly more 
prevalent among pre-pregnancy overweight 2, obese, 
and morbidly obese women than among women 
with a normal pre-pregnancy BMI. The prevalence of 
preeclampsia/eclampsia was also higher in obese and 
morbidly obese women when compared to women with 
a normal pre-pregnancy BMI. As BMI increased beyond 
normal weight 1, the preval1ence of gestational DM, 
gestational hypertension, and preeclampsia/eclampsia 
increased constantly.

Secondary outcomes
Delivery characteristics and postpartum complications 
by pre‑pregnancy BMI (Table 4)
No differences were observed in gestational age at time 
of delivery in the different BMI groups. However, with 
increasing BMI, the rate of spontaneous onset of delivery 
decreased and the rate of both induction of labor and 
CD with no trial of labor increased significantly. This 
finding was attributed to women at term delivery with 
a pre-pregnancy BMI category of overweight 2 or more 
(Supplements 7–9). Onset of labor did not differ across 
the various pre-pregnancy BMI groups among women 
with preterm deliveries (Supplement 7). Similar findings 

were observed regarding onset of labor when stratified to 
end of pregnancy BMI groups (Supplements 10–12).

The rates of vaginal delivery decreased, and the rates 
of CD increased constantly with increasing BMI in over-
weight, obese, and morbidly obese women when com-
pared to normal weight parturients. Ultimately, morbidly 
obese women were more than twice as likely to undergo 
CD, and in particular CD with no trial of labor, when 
compared to women who started their pregnancy with 
a normal BMI. The rates of postpartum hemorrhage and 
ICU admission were constant regardless of BMI.

Subgroup analysis of primiparous women (Table 5)

When compared to primiparous women with a normal 
pre-pregnancy weight 1, overweight, obese, and 
morbidly obese primiparas were increasingly less likely 
to undergo a vaginal delivery and increasingly more likely 
to undergo CD.

The indication for CD was less commonly malpresen-
tation and more commonly failed induction of labor or 
suspected macrosomia among morbidly obese primipa-
ras when compared to pre-pregnancy normal weight 
1 primiparas (Supplement 13). Yet, the actual neonatal 
birth weight of morbidly obese women whose indication 
for CD was suspected macrosomia was below 4.0 kg and 
lower than that of normal and underweight women.

Distribution of BMIs
The distribution of BMIs at the beginning and at the end 
of pregnancy among the study population as a whole and 
in the subgroup of healthy parturients is presented in 
Supplement 14. No differences were observed.

Unadjusted relation between BMI at the beginning and at the 
end of pregnancy
As pre-pregnancy weight and BMI increased, both rela-
tive and absolute maternal weight gain during pregnancy 
decreased both in the study population as a whole (Sup-
plement 6) and in the subgroup of healthy parturients 
(data not presented). A similar correlation was observed 
between pre-pregnancy BMI and the absolute increase in 
BMI by the end of pregnancy in both populations (Sup-
plements 15 and 16, respectively).

Discussion
Women who are overweight or obese pre-pregnancy 
have more chronic medical and obstetric comorbidi-
ties. Obese and morbidly obese women are far less 
likely to conceive or enter labor spontaneously, and 
they undergo CD more often than other women. This 
relatively high likelihood of CD is also seen in obese 
and morbidly obese primiparas which suggests it does 



Page 5 of 15Gat et al. J Anesth Analg Crit Care            (2023) 3:21  

Ta
bl

e 
1 

Su
bs

ta
nc

e 
ab

us
e 

an
d 

m
ed

ic
al

 b
ac

kg
ro

un
d 

ch
ar

ac
te

ris
tic

s 
by

 p
re

‑p
re

gn
an

cy
 B

M
I

Pr
e‑

pr
eg

na
nc

y 
BM

I

U
nd

er
w

ei
gh

t 
(N

 =
 1

07
4)

N
or

m
al

 w
ei

gh
t 1

 
(N

 =
 5

47
3)

N
or

m
al

 w
ei

gh
t 2

 
(N

 =
 2

95
7)

O
ve

rw
ei

gh
t 1

 
(N

 =
 1

73
4)

O
ve

rw
ei

gh
t 2

 
(N

 =
 9

90
)

O
be

si
ty

 (N
 =

 1
03

9)
M

or
bi

d 
ob

es
it

y 
(N

 =
 4

59
)

N
 (%

)
CI

 [%
]

N
 (%

)
CI

 [%
]

N
 (%

)
CI

 [%
]

N
 (%

)
CI

 [%
]

N
 (%

)
CI

 [%
]

N
 (%

)
CI

 [%
]

N
 (%

)
CI

 [%
]

Sm
ok

in
g

82
 (7

.6
4%

)
6.

12
–9

.3
9∆

29
6 

(5
.4

1%
)

4.
82

–6
.0

4
15

7 
(5

.3
1%

)
4.

53
–6

.1
8

86
 (4

.9
6%

)
3.

99
–6

.0
9

55
 (5

.5
6%

)
4.

21
–7

.1
7

67
 (6

.4
5%

)
5.

03
–8

.1
2

41
 (8

.9
3%

)
6.

49
–1

1.
92
▲

A
lc

oh
ol

 
co

ns
um

p‑
tio

n

5 
(0

.4
7%

)
0.

15
–1

.0
8

16
 (0

.2
9%

)
0.

17
–0

.4
7

8 
(0

.2
7%

)
0.

12
–0

.5
3

5 
(0

.2
9%

)
0.

09
–0

.6
7

3 
(0

.3
0%

)
0.

06
–0

.8
8

3 
(0

.2
9%

)
0.

06
–0

.8
4

2 
(0

.4
4%

)
0.

05
–1

.5
7

D
ru

g 
ab

us
e

7 
(0

.6
5%

)
0.

26
–1

.3
4

13
 (0

.2
4%

)
0.

13
–0

.4
1

15
 (0

.5
1%

)
0.

28
–0

.8
4

5 
(0

.2
9%

)
0.

09
–0

.6
7

4 
(0

.4
0%

)
0.

11
–1

.0
3

3 
(0

.2
9%

)
0.

06
–0

.8
4

1 
(0

.2
2%

)
0.

01
–1

.2
1

Pr
eg

es
ta

‑
tio

na
l D

M
 

(t
yp

e 
1 

or
 2

)

32
 (2

.9
8%

)
2.

05
–4

.1
8■

27
4 

(5
.0

1%
)

4.
44

–5
.6

2
18

2 
(6

.1
5%

)
5.

32
–7

.0
8

12
9 

(7
.4

4%
)

6.
25

–8
.7

8∆
60

 (6
.0

6%
)

4.
66

–7
.7

3
10

9 
(1

0.
49

%
)

8.
69

–
12

.5
2▲

65
 (1

4.
16

%
)

11
.1

0–
17

.6
9▲

Pr
eg

es
ta

‑
tio

na
l H

TN
27

 (2
.5

1%
)

1.
66

–3
.6

4
18

8 
(3

.4
4%

)
2.

97
–3

.9
5

12
0 

(4
.0

6%
)

3.
38

–4
.8

3
99

 (5
.7

1%
)

4.
66

–6
.9

1∆
59

 (5
.9

6%
)

4.
57

–7
.6

2∆
79

 (7
.6

0%
)

6.
07

–9
.3

9▲
44

 (9
.5

9%
)

7.
05

–1
2.

65
▲

Ca
rd

ia
c 

di
se

as
e 

(a
ny

)a

16
 (1

.4
9%

)
0.

85
–2

.4
1

10
5 

(1
.9

2%
)

1.
57

–2
.3

2
63

 (2
.1

3%
)

1.
64

–2
.7

2
63

 (3
.6

3%
)

2.
80

–4
.6

2▲
24

 (2
.4

2%
)

1.
56

–3
.5

9
27

 (2
.6

0%
)

1.
72

–3
.7

6
15

 (3
.2

7%
)

1.
84

–5
.3

3

Pu
lm

on
ar

y 
di

se
as

e 
(a

ny
)b

13
 (1

.2
1%

)
0.

65
–2

.0
6

63
 (1

.1
5%

)
0.

89
–1

.4
7

36
 (1

.2
2%

)
0.

85
–1

.6
8

19
 (1

.1
0%

)
0.

66
–1

.7
1

15
 (1

.5
2%

)
0.

85
–2

.4
9

21
 (2

.0
2%

)
1.

26
–3

.0
7

11
 (2

.4
0%

)
1.

20
–4

.2
5

A
st

hm
a

9 
(0

.8
4%

)
0.

38
–1

.5
8

60
 (1

.1
0%

)
0.

84
–1

.4
1

35
 (1

.1
8%

)
0.

83
–1

.6
4

17
 (0

.9
8%

)
0.

57
–1

.5
7

15
 (1

.5
2%

)
0.

85
–2

.4
9

21
 (2

.0
2%

)
1.

26
–3

.0
7

11
 (2

.4
0%

)
1.

20
–4

.2
5

Re
na

l 
di

se
as

e
0 

(0
.0

0%
)

0.
00

–0
.3

4
9 

(0
.1

6%
)

0.
08

–0
.3

1
3 

(0
.1

0%
)

0.
02

–0
.3

0
4 

(0
.2

3%
)

0.
06

–0
.5

9
1 

(0
.1

0%
)

0.
00

–0
.5

6
1 

(0
.1

0%
)

0.
00

–0
.5

4
0 

(0
.0

0%
)

0.
00

–0
.8

0

Pa
st

 k
id

ne
y 

tr
an

sp
la

nt
0 

(0
.0

0%
)

0.
00

–0
.3

4
2 

(0
.0

4%
)

0.
00

–0
.1

3
2 

(0
.0

7%
)

0.
01

–0
.2

4
4 

(0
.2

3%
)

0.
06

–0
.5

9
2 

(0
.2

0%
)

0.
02

–0
.7

3
0 

(0
.0

0%
)

0.
00

–0
.3

5
1 

(0
.2

2%
)

0.
01

–1
.2

1

G
as

tr
oi

n‑
te

st
in

al
 

di
se

as
e 

(a
ny

)c

7 
(0

.6
5%

)
0.

26
–1

.3
4

23
 (0

.4
2%

)
0.

27
–0

.6
3

18
 (0

.6
1%

)
0.

36
–0

.9
6

2 
(0

.1
2%

)
0.

01
–0

.4
2

3 
(0

.3
0%

)
0.

06
–0

.8
8

4 
(0

.3
8%

)
0.

10
–0

.9
8

1 
(0

.2
2%

)
0.

01
–1

.2
1

H
ep

at
o‑

bi
lia

ry
 

di
se

as
e 

(a
ny

)d

0 
(0

.0
0%

)
0.

00
–0

.3
4

4 
(0

.0
7%

)
0.

02
–0

.2
6

1 
(0

.0
3%

)
0.

00
–0

.3
1

2 
(0

.1
2%

)
0.

01
–0

.6
3

1 
(0

.1
0%

)
0.

00
–0

.9
3

3 
(0

.2
9%

)
0.

02
–1

.2
3

0 
(0

.0
0%

)
0.

00
–0

.8
0

Rh
eu

m
at

ic
 

di
se

as
e 

(a
ny

)e

23
 (2

.1
4%

)
1.

36
–3

.2
0

13
3 

(2
.4

3%
)

2.
04

–2
.8

7
91

 (3
.0

8%
)

2.
48

–3
.7

7
52

 (3
.0

0%
)

2.
25

–3
.9

1
38

 (3
.8

4%
)

2.
73

–5
.2

3
45

 (4
.3

3%
)

3.
18

–5
.7

5∆
16

 (3
.4

9%
)

2.
01

–5
.6

0

H
yp

ot
hy

‑
ro

id
is

m
15

 (1
.4

0%
)

0.
78

–2
.2

9
10

1 
(1

.8
5%

)
1.

51
–2

.2
4

76
 (2

.5
7%

)
2.

03
–3

.2
1

38
 (2

.1
9%

)
1.

56
–3

.0
0

27
 (2

.7
3%

)
1.

80
–3

.9
4

40
 (3

.8
5%

)
2.

76
–5

.2
1∆

15
 (3

.2
7%

)
1.

84
–5

.3
3



Page 6 of 15Gat et al. J Anesth Analg Crit Care            (2023) 3:21 

Ta
bl

e 
1 

(c
on

tin
ue

d)

Pr
e‑

pr
eg

na
nc

y 
BM

I

U
nd

er
w

ei
gh

t 
(N

 =
 1

07
4)

N
or

m
al

 w
ei

gh
t 1

 
(N

 =
 5

47
3)

N
or

m
al

 w
ei

gh
t 2

 
(N

 =
 2

95
7)

O
ve

rw
ei

gh
t 1

 
(N

 =
 1

73
4)

O
ve

rw
ei

gh
t 2

 
(N

 =
 9

90
)

O
be

si
ty

 (N
 =

 1
03

9)
M

or
bi

d 
ob

es
it

y 
(N

 =
 4

59
)

N
 (%

)
CI

 [%
]

N
 (%

)
CI

 [%
]

N
 (%

)
CI

 [%
]

N
 (%

)
CI

 [%
]

N
 (%

)
CI

 [%
]

N
 (%

)
CI

 [%
]

N
 (%

)
CI

 [%
]

H
em

a‑
to

lo
gi

c 
di

se
as

e 
(a

ny
)f

6 
(0

.5
6%

)
0.

21
–1

.2
1

36
 (0

.6
6%

)
0.

46
–0

.9
1

18
 (0

.6
1%

)
0.

36
–0

.9
6

10
 (0

.5
8%

)
0.

28
–1

.0
6

6 
(0

.6
1%

)
0.

22
–1

.3
1

5 
(0

.4
8%

)
0.

16
–1

.1
2

3 
(0

.6
5%

)
0.

13
–1

.9
0

H
yp

er
co

‑
ag

ul
op

at
hy

 
(a

ny
)g

8 
(0

.7
4%

)
0.

32
–1

.4
6

84
 (1

.5
3%

)
1.

23
–1

.9
0

37
 (1

.2
5%

)
0.

88
–1

.7
2

32
 (1

.8
5%

)
1.

27
–2

.6
0

14
 (1

.4
1%

)
0.

78
–2

.3
6

19
 (1

.8
3%

)
1.

10
–2

.8
4

10
 (2

.1
8%

)
1.

05
–3

.9
7

M
al

ig
‑

na
nc

y 
—

 p
as

t o
r 

pr
es

en
t 

(a
ny

)h

18
 (1

.6
8%

)
1.

00
–2

.6
4

93
 (1

.7
0%

)
1.

37
–2

.0
8

52
 (1

.7
6%

)
1.

32
–2

.3
0

34
 (1

.9
6%

)
1.

36
–2

.7
3

21
 (2

.1
2%

)
1.

32
–3

.2
2

18
 (1

.7
3%

)
1.

03
–2

.7
2

7 
(1

.5
3%

)
0.

62
–3

.1
2

CN
S 

di
so

r‑
de

rs
 (a

ny
)i

6 
(0

.5
6%

)
0.

21
–1

.2
1

49
 (0

.9
0%

)
0.

66
–1

.1
8

26
 (0

.8
8%

)
0.

58
–1

.2
9

21
 (1

.2
1%

)
0.

75
–1

.8
5

9 
(0

.9
1%

)
0.

42
–1

.7
2

12
 (1

.1
5%

)
0.

60
–2

.0
1

3 
(0

.6
5%

)
0.

13
–1

.9
0

BM
I B

od
y 

m
as

s 
in

de
x,

 N
 N

um
be

r, 
CI

 9
5%

 c
on

fid
en

ce
 in

te
rv

al
, D

M
 D

ia
be

te
s 

m
el

lit
us

, H
TN

 H
yp

er
te

ns
io

n,
 C

N
S 

Ce
nt

ra
l n

er
vo

us
 s

ys
te

m

∆H
ig

he
r t

ha
n 

no
rm

al
 w

ei
gh

t 1

▲
hi

gh
er

 th
an

 n
or

m
al

 w
ei

gh
t 1

 a
nd

 n
or

m
al

 w
ei

gh
t 2

□
lo

w
er

 th
an

 n
or

m
al

 w
ei

gh
t 1

■
lo

w
er

 th
an

 n
or

m
al

 w
ei

gh
t 1

 a
nd

 n
or

m
al

 w
ei

gh
t 2

a  e
ith

er
 c

ar
di

om
yo

pa
th

y,
 c

oa
rc

ta
tio

n 
of

 a
or

ta
, c

on
ge

ni
ta

l h
ea

rt
 d

ef
ec

t, 
co

ng
es

tiv
e 

he
ar

t f
ai

lu
re

, i
sc

he
m

ic
 h

ea
rt

 d
is

ea
se

, r
he

um
at

ic
 h

ea
rt

 d
is

ea
se

, o
r v

al
vu

lo
pa

th
y

b  e
ith

er
 a

st
hm

a,
 c

hr
on

ic
 o

bs
tr

uc
tiv

e 
lu

ng
 d

is
ea

se
, p

rim
ar

y 
pu

lm
on

ar
y 

hy
pe

rt
en

si
on

, r
es

tr
ic

tiv
e 

lu
ng

 d
is

ea
se

, o
r t

ub
er

cu
lo

si
s

c  e
ith

er
 c

el
ia

c 
di

se
as

e/
ce

lia
c 

sp
ru

e,
 in

fla
m

m
at

or
y 

bo
w

el
 d

is
ea

se
, o

r i
rr

ita
bl

e 
bo

w
el

 s
yn

dr
om

e
d  e

ith
er

 c
ho

le
do

ch
ol

ith
ia

si
s, 

ch
ro

ni
c 

pa
nc

re
at

iti
s, 

or
 c

hr
on

ic
 li

ve
r d

is
ea

se
e  e

ith
er

 fa
m

ili
al

 M
ed

ite
rr

an
ea

n 
fe

ve
r, 

hy
po

th
yr

oi
di

sm
, h

yp
er

th
yr

oi
di

sm
, o

r s
ys

te
m

ic
 lu

pu
s 

er
yt

he
m

at
os

us
f  c

hr
on

ic
 d

is
or

de
r o

f e
ith

er
 p

la
te

le
ts

, r
ed

 b
lo

od
 c

el
ls

, o
r w

hi
te

 b
lo

od
 c

el
ls

g  e
ith

er
 a

cq
ui

re
d 

or
 c

on
ge

ni
ta

l
h  e

ith
er

 p
as

t o
r p

re
se

nt
 m

al
ig

na
nc

y 
(n

ot
 in

cl
ud

in
g 

ba
sa

l c
el

l a
nd

 s
qu

am
ou

s 
ce

ll 
ca

rc
in

om
as

 o
f s

ki
n)

i  e
ith

er
 A

lz
he

im
er

’s 
di

se
as

e,
 a

ta
xi

a,
 b

en
ig

n 
in

tr
ac

ra
ni

al
 h

yp
er

te
ns

io
n,

 c
er

eb
ra

l p
al

sy
, c

on
ge

ni
ta

l m
al

fo
rm

at
io

ns
 o

f c
en

tr
al

 n
er

vo
us

 s
ys

te
m

, e
pi

le
ps

y,
 m

ul
tip

le
 s

cl
er

os
is

, p
as

t o
r p

re
se

nt
 c

er
eb

ro
va

sc
ul

ar
 a

cc
id

en
t, 

pa
st

 o
r 

pr
es

en
t t

ra
ns

ie
nt

 is
ch

em
ic

 a
tt

ac
k,

 P
ar

ki
ns

on
’s 

di
se

as
e 

or
 p

ol
io

m
ye

lit
is



Page 7 of 15Gat et al. J Anesth Analg Crit Care            (2023) 3:21  

not stem from having undergone prior CDs. Although 
obesity is viewed as a factor associated with a decreased 
likelihood of achieving successful labor with induc-
tion [16], we found no association between obesity and 
failed induction of labor, and the prevalence of CD due 
to failed induction did not differ across the BMI groups 
(regardless of parity). On the same note, a common 
indication for CD in morbidly obese primiparous and 
multiparous women in our cohort was suspected mac-
rosomia. Yet the actual mean neonatal birth weight in 
the morbidly obese population was < 4.0  kg and lower 
than the birth weight in lower BMI groups in both 

groups. Finally, these women are more likely to have 
adverse pregnancy outcomes than their normal weight 
counterparts.

Our systematic review of prior literature (Supplement 
1) revealed clinically meaningful heterogeneity in the 
time points at BMI determination and in BMI classifica-
tions; some studies refer to pre-pregnancy BMI [9, 17, 
18], some to BMI during pregnancy [19, 20], and some 
to pre-delivery BMI [21, 22]. Some even used overlap-
ping BMI classifications measured during different tri-
mesters [6, 23, 24]. Even meta-analyses that have linked 
obesity with chronic medical morbidities and various 

A

B

Fig. 1 A Distribution of pregestational diabetes mellitus among study population. B Distribution of pregestational hypertension among study 
population
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obstetric outcomes have pooled studies using a variety 
of definitions [17, 23, 24]. This weighs heavily on cur-
rent ability to draw clinically consistent and meaningful 
conclusions.

Our study has several strengths. It is one of the larg-
est cohorts investigating pre-pregnancy and pre-delivery 
BMI using consistent and validated BMI classifications. 
In order to further refine our findings, we subdivided 
some of the traditional BMI groups, as recent data link 
lower than traditionally accepted BMI values with early 
development of comorbidities [25, 26]. Most studies 
investigating overweight and obese obstetric populations 
have focused on pregnancy-related comorbidities and 
obstetric outcomes, while chronic medical comorbidities 
usually remain unstudied or are mentioned in passing [6, 
8, 18, 19, 27, 28]. We studied the prevalence of chronic 
medical conditions as well as obstetric comorbidities and 
delivery outcomes.

Our finding that pre-pregnancy obesity/morbid obesity 
is associated with a greater burden of chronic medical 
comorbidities and more obstetric comorbidities com-
pared to normal weight parturients corresponds with the 
existing handful of preceding reports (Supplement 1) and 
systematic reviews [23, 29]. We found that women with 
pre-pregnancy morbid obesity are less likely to conceive 
spontaneously when compared to women with a nor-
mal BMI. In this too, our findings agree with prior stud-
ies. Dağ et al. suggested that the fertility of obese women 
might be impaired, [30] while others showed that the 
probability of pregnancy is reduced by 5% per unit of 
BMI exceeding 29 kg/m2 [31].

The proportion of women with a prior CD was higher 
among parturients with pre-pregnancy obesity and mor-
bid obesity than among parturients with a normal pre-
pregnancy weight. This could be related to BMI but also 
to increasing parity and age which occur in parallel to 
increasing BMI [32]. With increasing BMI, spontaneous 
onset of labor became less prevalent, whereas induction 
of labor and CD with no trial of labor became more prev-
alent. This finding was observed only in term deliveries 
and was observed in association with both higher pre-
pregnancy and higher pre-delivery BMIs. Denison et  al. 
showed that when compared with primiparous women 
with first trimester 20 ≤ BMI < 25 kg/m2, the OR for spon-
taneous onset of labor for women at term pregnancy on 
their first delivery decreased significantly with increasing 
BMI [6]. A Danish study also showed an increased risk 
for labor induction and CD in pre-pregnancy obese (OR 
2.2, 95% CI 1.7–2.8) vs normal weight (OR 1.6, 95% CI 
1.3–2.1) parturients [7].

Overweight, obese, and morbidly obese women had a 
decreasing likelihood of vaginal delivery and an increas-
ing likelihood of CD when compared to normal weight 

parturients in our cohort. Recent guidelines regarding 
obesity in pregnancy report a higher prevalence of CD 
in this population [5, 33]. Several meta-analyses also 
noted that the likelihood of CD increases with increas-
ing BMI [24, 34]. We sought to understand whether the 
higher likelihood of CD in this population is related to 
parity or prior CDs by studying a subgroup of primi-
parous women. Similar to prior studies of primiparous 
women [9, 35], we found that primiparous women with 
pre-pregnancy obesity and morbid obesity were more 
likely to undergo CD than primiparous women with a 
normal pre-pregnancy BMI.

Our rates of overweight, obesity, and morbid obe-
sity were somewhat different than those described in 
at least one meta-analysis [36]. However, 71% of the 
cases included in the meta-analysis were from the 
USA, where the prevalence of obesity is highest among 
developed countries [3]. The proportion of women with 
pregestational DM and HTN in our study is higher 
than previously described in the obstetric popula-
tion [37, 38]. This may have been caused by selection 
bias; women who had data on BMI and were therefore 
included in our analysis also had a higher rate of these 
chronic comorbidities than those who did not have data 
on BMI. The rates of gestational DM in our study were 
higher than those described by the American College of 
Gynecologists [39] but are well within the wide range 
of prevalence described in global estimates (< 1–28%) 
[40]. Lastly, we found no association between pre-preg-
nancy BMI and postpartum hemorrhage, which is a 
topic with conflicting evidence in the literature [18, 19].
This study has several limitations. It was conducted in 
a single medical center. However, many of our findings 
are similar to those of prior publications, suggesting 
they may be generalizable nonetheless. We present no 
data on whether neuraxial analgesia was administered 
or not. Neuraxial analgesia may have influenced labor 
and postpartum complications as well as maternal 
and fetal outcomes [41–43]. We did not seek adjusted 
associations in this descriptive paper, and this should 
be performed in future research. Our study bears 
all the limitations of retrospective data analyses. We 
addressed documentation bias by comparing women 
with and without data on pre-pregnancy BMI, and the 
proportion of missing data in included cases was over-
all very low. Causation cannot be implied, but subgroup 
analysis on primiparas enables exclusion of high parity 
order or prior CD as the variables predominantly deter-
mining current CD. We chose to include only women 
up to 50 years of age. Older women constituted only a 
small proportion of our study population (> 40  years: 
4.1% and > 45  years: 0.4%); therefore, additional age-
related effects are highly unlikely.
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Conclusion
Pre-pregnancy obesity/morbid obesity is associated 
with lower rates of spontaneous conception, higher 
rates of chronic medical and obstetric comorbidities 
during pregnancy, lower rates of spontaneous labor, 
and higher rates of CD and adverse delivery outcomes. 
Whether these associations are caused by obesity or 
treatment remains unclear.
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