
Page 1/19

Dietary Intakes in Pregnant Women with Previous
Bariatric Surgery
Geneviève Gagnon 

Universite Laval
Anne-Marie Carreau 

Centre de recherche du CHU de Quebec-Universite Laval
Anne-Sophie Plante 

Centre de recherche du CHU de Quebec-Universite Laval
Claudia Savard 

Universite Laval
Simone Lemieux 

Universite Laval
S. John Weisnagel 

Centre de recherche du CHU de Quebec-Universite Laval
Claudia Gagnon 

Centre de recherche du CHU de Quebec-Universite Laval
Johanne Veillette 

CHU de Quebec-Universite Laval
Andréanne Michaud 

Universite Laval
Simon Marceau 

Institut universitaire de cardiologie et de pneumologie de Quebec
Laurent Biertho 

Institut universitaire de cardiologie et de pneumologie de Quebec
André Tchernof 

Universite Laval
Anne-Sophie Morisset  (  anne-sophie.morisset@fsaa.ulaval.ca )

Universite Laval https://orcid.org/0000-0002-9214-8912

Research Article

Keywords: bariatric surgery, pregnancy, dietary intakes, diet quality, healthy eating index, dietary reference
intakes (DRIs)

Posted Date: August 25th, 2021

https://doi.org/10.21203/rs.3.rs-722605/v1
mailto:anne-sophie.morisset@fsaa.ulaval.ca
https://orcid.org/0000-0002-9214-8912


Page 2/19

DOI: https://doi.org/10.21203/rs.3.rs-722605/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Version of Record: A version of this preprint was published at Eating and Weight Disorders - Studies on
Anorexia, Bulimia and Obesity on January 21st, 2022. See the published version at
https://doi.org/10.1007/s40519-021-01333-y.

https://doi.org/10.21203/rs.3.rs-722605/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s40519-021-01333-y


Page 3/19

Abstract
Purpose: To 1) compare dietary intakes of pregnant women with previous bariatric surgery with the
Dietary reference intakes (DRIs); 2); compare their dietary intakes as well as their diet quality with a
control group of pregnant women with no history of bariatric surgery.

Methods: Twenty-eight (28) pregnant women with previous surgery (sleeve gastrectomy, n=7 and
biliopancreatic diversion with duodenal switch, n=21) were matched for pre-pregnancy body mass index
with 28 pregnant women with no history of surgery. In at least one trimester, participants completed a
minimum of 2 Web-based 24-h dietary recalls from which energy, macro- and micronutrient intakes as
well as the Canadian Healthy Eating Index (C-HEI) were derived.

Results: No differences were observed for energy intake between groups. All women had protein intakes
within the recommended range, but most women with previous surgery had carbohydrate (67 %) and
dietary �ber intakes (98 %) below recommendations. In both groups, mean total fat, saturated fatty acids,
free sugars and sodium intakes were above recommendations, as opposed to mean vitamin D, folic acid
and iron dietary intakes below recommendations for most women. Compared with the control group,
pregnant women with previous bariatric surgery had lower overall C-HEI scores.

Conclusion: These results suggest that pregnant women with previous bariatric surgery would bene�t
from a nutritional follow-up throughout their pregnancy.

Level of evidence

Level III: Evidence obtained from well-designed cohort or case-control analytic studies

1. Introduction
An increasing number of childbearing age women with severe obesity now undergo bariatric surgery [1].
Weight loss surgeries, especially those with a malabsorptive component such as biliopancreatic diversion
with duodenal switch (BPD) and Roux-en-Y gastric bypass (RYGB), are associated with improvements in
maternal and fetal pregnancy outcomes [2]. However, it is also associated with insu�cient gestational
weight gain and delivery of small for gestational age neonates [3, 4].

To ensure optimal fetal development and sustain the mother`s physiological changes, the requirements
for energy and speci�c nutrients are increased during pregnancy [5]. For pregnant women who underwent
bariatric surgery, nutrition may be more challenging. Stomach volume reduction following some bariatric
procedures can reduce food intake whereas malabsorption associated with mixed restrictive and
malabsorptive surgeries can exacerbate the risk of nutritional de�ciencies [6]. Moreover, gastrointestinal
symptoms, food intolerances and aversions sometimes developed following weight loss surgeries can
increase malnutrition risk during pregnancy [7, 8].
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Despite the importance of diet during pregnancy, very few studies have characterized dietary intakes in
pregnant women with previous bariatric surgery. Studies have mostly focused on micronutrient
supplementation and serum concentrations rather than dietary intakes [6, 9]. However, some authors
suggested that in pregnant women with previous bariatric surgery, macronutrient intakes, especially
protein, as well as micronutrient intakes, like folate and vitamin B12, do not meet nutritional requirements
during pregnancy and that diet quality is poor, irrespective of the type of surgery [10, 11]. Literature on the
diet adopted by pregnant women with previous bariatric surgery is scarce and a better understanding of it
would help target interventions that aim at improving maternal and fetal outcomes.

In this study conducted in pregnant women with previous bariatric surgery (BPD or sleeve gastrectomy),
the objectives were to: 1) characterize their dietary intakes at each trimester according to the Dietary
Reference Intakes (DRIs); and 2) compare their dietary intakes as well as the diet quality with a control
group of pregnant women with no history of bariatric surgery.

2. Materials And Methods
2.1 Study Population

Forty (40) pregnant women who underwent bariatric surgery were recruited from May 2017 to August
2020 at the CHU de Québec-Université Laval (Québec City, Qc, Canada). Exclusion criteria were twin
pregnancy, severe medical condition (i,e. type 1 or type 2 diabetes, renal disease, in�ammatory and
autoimmune disorders), gestational age greater than 24 weeks at enrolment and being younger than 18
years. Twelve (12) participants were excluded due to miscarriage (n = 4) or lack of time to devote to the
project (n = 8). Our �nal sample includes 28 women for whom nutritional data was available for at least
one trimester. Each participant was individually matched (1:1) for pre-pregnancy body mass index (BMI)
(± 0.3 kg/m2) with a pregnant woman from the ANGE (Apports Nutritionnels Durant la GrossessE) cohort
(control group), a prospective study that aimed to characterize the dietary intakes of pregnant women
with no history of bariatric surgery [12]. The Institutional Ethics Committee approved the project
(Reference number: MP-20-2017-3217) and all participants gave their informed written consent.

2.2 The automated Web-Based 24-h Recall (R24W)

Within 21 days, participants were asked to complete two to three Web-based 24-h dietary recalls during at
least one trimester, using the R24W (Rappel de 24h Web) platform. The R24W has been validated in the
general as well as in a pregnant population [13–15]. The R24W database is linked to the 2015 Canadian
Nutrient File, allowing for an automatic assessment of the nutrient values for all food items reported in a
24-h period. Data on energy intake, macronutrients and some micronutrients of interest such as vitamin
D, iron, folate, vitamin B12, calcium and sodium, originating from food intake, not supplements, were
analysed and compared to the DRIs.

2.3 Canadian Healthy Eating Index
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At each trimester, diet quality was assessed using the Canadian Healthy Eating Index (C-HEI) [16, 17]. The
HEI score has been used by many authors to assess diet quality in the general population as well as in
pregnant women [16, 18]. The total C-HEI score, which ranges from 0 to 100 points, represents the degree
to which diet meets the 2007 Canada’s Food Guide recommendations, which were in effect at the
beginning of the study. The total score is divided into eight adequacy components and three moderation
components with scores varying between 0, 5, 10 or 20 points based on the scoring criteria.

2.4 Other Web Questionnaires

Web-based questionnaires were completed to collect information on medical history, medication, tobacco
use, eating habits, education and household income.

2.5 Statistical analyses

Based on recommendations that suggest delaying pregnancy for 12–18 months after bariatric surgery
[19, 20], analyses of variance (ANOVA) were used to compare energy intake according to surgery-to-
conception interval (≤ 18, 19–60, > 60 months) in women with previous surgery. Tukey’s honestly
signi�cant difference (HSD) post-hoc test was used to account for multiple comparisons. Macronutrients
as percentage of energy were compared with the acceptable macronutrient distribution range (AMDR)
and the proportion of women with values below or above the AMDR were calculated [21]. The percentage
of participants who had micronutrient intakes below the estimated average intakes (EARs) or above the
upper intake limit (UL), as applicable, were also calculated [21]. Continuous and categorical variables
were compared using paired t-tests and chi-squared tests, respectively. P-values ≤ 0.05 were considered
signi�cant. All statistical analyses were performed using JMP, version 14 (SAS Institute Inc., Cary, NC,
USA).

3. Results
3.1 Participants’ characteristics

Mean pre-surgery BMI of women who underwent surgery was 49.1 ± 6.9 kg/m2, 75 % had BPD and half of
them had a surgery-to-conception interval greater than 60 months (Table 1). The mean pre-pregnancy
BMI of women with and without surgery was 31.6 ± 5.6 kg/m2 and 31.3 ± 5.9 kg/m2 respectively, and
despite the surgery, 60% of women had a pre-pregnancy BMI ≥ 30 kg/m2. Both groups were similar in
age, parity, household income and frequency of dining-out. However, women with previous surgery had a
signi�cantly lower education level compared to the control group.
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Table 1
Participants’ characteristics

  Mean ± SD or n (%)  

Variables Women with previous bariatric
surgery

(n = 28)

Control
group

(n = 28)

p-
value

Age (years) 33.4 ± 4.1 32.3 ± 3.4 0.257

Preoperative BMI (kg/m2) 49.1 ± 6.9    

Bariatric surgery procedure      

BPD-DS 21 (75.0)    

LSG 7 (25.0)    

Surgery-to-conception interval
(months)

72.4 ± 51.8    

≤ 18 months 5 (17.9)    

19–60 months 9 (32.1)    

> 60 months 14 (50.0)    

Pre-pregnancy BMI (kg/m2) 31.6 ± 5.6 31.3 ± 5.9 0.202

Normal 4 (14.3) 3 (10.7)  

Overweight 7 (25.0) 10 (35.7)  

Obese 17 (60.7) 15 (53.6)  

Primiparity 13 (59.1)a 13 (46.4) 0.374

Smokers 0 (0.0)a 0 (0.0)  

Highest level of education     0.007

Elementary 1 (4.5)a 0 (0.0)  

High school 8 (36.4)a 1 (3.6)  

College 4 (18.2)a 4 (14.3)  

University 9 (40.9)a 23 (82.1)  

a n = 22, b n = 20, c n = 18, p-values refer to paired t-test or Chi-squared test; Bold indicates statistically
signi�cant difference; BMI: body mass index; BPD-DS: biliopancreatic diversion with duodenal switch;
LSG: laparoscopic sleeve gastrectomy.
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  Mean ± SD or n (%)  

Household income     0.951

< 40 000 $ 3 (15.0)b 2 (7.4)  

40 000–59 999 $ 2 (10.0)b 3 (11.1)  

60 000–79 999 $ 4 (20.0)b 6 (22.2)  

80 000–99 999 $ 6 (30.0)b 9 (33.3)  

> 100 000 $ 5 (25.0)b 7 (26.0)  

Meal frequency (n/day) 3.0 ± 0.0c 3.0 ± 0.0  

Snacks frequency (n/day) 2.6 ± 0.7c 2.1 ± 1.4 0.240

Dining-out     0.387

1–3 x/month 9 (50.0)c 17 (60.7)  

1x/week 6 (33.3)c 9 (32.1)  

2–4 x/week 3 (16.7)c 1 (3.6)  

5–6 x /week 0 (0.0)c 1 (3.6)  

a n = 22, b n = 20, c n = 18, p-values refer to paired t-test or Chi-squared test; Bold indicates statistically
signi�cant difference; BMI: body mass index; BPD-DS: biliopancreatic diversion with duodenal switch;
LSG: laparoscopic sleeve gastrectomy.

Regarding completion of the dietary recalls, in the �rst trimester (range: 9.0–13.0 weeks), among women
with previous bariatric surgery, 35% (n = 6) had completed two recalls while 65% (n = 11) had completed
three. Those percentages were 29% (n = 6) and 71% (n = 15) in the second trimester (range: 21.6–27.0
weeks), and 31% (n = 5) and 69% (n = 11) in the third trimester (range: 31.7–37.7 weeks). All women in the
control group completed three recalls per trimester (ranges: 9.0-13.3, 21.9–26.3, 32.7–36.1 weeks).

3.2 Energy and macronutrients

Mean energy intake did not differ between women with and without surgery (Table 2). Energy intakes
measured during the second trimester were signi�cantly higher in women with a longer surgery-to-
conception interval (Fig. 1). Similar trends were observed in the �rst and third trimesters. Percentage of
energy from protein was within the AMDR for all participants (Table 2). However, in the third trimester,
women with previous surgery consumed a signi�cantly higher percentage of energy from protein
compared to the control group. Carbohydrate as a percentage of energy intake as well as �ber intake were
signi�cantly lower in women with previous surgery compared to the control group. Carbohydrate and �ber
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intakes were below recommendations for most women in both groups, but this trend was more
pronounced in women with a history of surgery. Mean percentage of energy from free sugars did not
differ between groups and was above the 10% recommended limit [22]. Energy intake from fat as well as
from saturated fatty acids exceeded recommendations for most women in both groups.
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Table 2
Trimester-speci�c energy and macronutrient intakes in comparison with dietary reference intakes

    Women with previous bariatric
surgery

Control group p-
value

DRI Mean 
± SD

%
Below
DRI

% Above
DRI

Mean 
± SD

% Below
DRI

% Above
DRI

First trimester   n = 17     n = 17      

Energy,
kcal/day

  2191 ± 
857

- - 2492 ± 
653

- - 0.2560

Protein, E% 10–
35

18.0 ± 
4.3

0 0 16.3 ± 
2.8

0 0 0.1735

Protein, g/day   94.1 ± 
33.3

- - 99.2 ± 
18.9

- - 0.5378

Carbohydrates,
E%

45–
65

44.0 ± 
7.2

65 0 49.4 ± 
4.4

12 0 0.0246

Carbohydrates,
g/day

  251 ± 
116

- - 308 ± 
89

- - 0.1404

Dietary �bers,
g/day

33* 19.1 ± 
7.6

94 - 24.9 ± 
5.4

100 - 0.0477

Free sugars,
E%

< 10 13.5 ± 
8.3

- 53 12.4 ± 
5.4

- 59 0.9314

Fat, E% 20–
35

37.9 ± 
2.4

0 71 35.5 ± 
3.7

0 59 0.1626

Fat, g/day   94.0 ± 
42.2

- - 98.7 ± 
28.5

- - 0.7022

SFA, E% < 10 14.2 ± 
3.0

- 94 13.0 ± 
2.1

- 100 0.2237

MUFA, E%   13.2 ± 
2.4

- - 12.6 ± 
2.0

- - 0.3556

PUFA, E%   7.1 ± 
1.8

- - 6.8 ± 
2.1

- - 0.5886

Second
trimester

  n = 21     n = 21      

Energy,
kcal/day

  2220 ± 
722

- - 2375 ± 
627

- - 0.4557

* Based on recommended nutritional intake of 14g/1000 kcal, p-values refer to paired t-test; Bold
indicates statistically signi�cant difference; E%, as a percentage of energy intake; SFA: saturated fatty
acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids.
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    Women with previous bariatric
surgery

Control group p-
value

DRI Mean 
± SD

%
Below
DRI

% Above
DRI

Mean 
± SD

% Below
DRI

% Above
DRI

Protein, E% 10–
35

19.1 ± 
4.2

0 0 17.6 ± 
3.0

0 0 0.1977

Protein, g/day   103 ± 
32

- - 102 ± 
22

- - 0.9058

Carbohydrates,
E%

45–
65

42.0 ± 
6.4

67 0 48.5 ± 
5.4

14 0 0.0012

Carbohydrates,
g/day

  234 ± 
78

- - 289 ± 
89

- - 0.0664

Dietary �bers,
g/day

32* 17.0 ± 
5.5

100 - 24.4 ± 
6.3

95 - 0.0021

Free sugars,
E%

< 10 12.8 ± 
5.5

- 71 12.1 ± 
4.9

- 67 0.6804

Fat, E% 20–
35

38.9 ± 
6.4

0 76 35.6 ± 
5.1

0 57 0.0181

Fat, g/day   98.6 ± 
43.9

- - 94.6 ± 
30.1

- - 0.6863

SFA, E% < 10 14.5 ± 
2.3

- 100 13.4 ± 
2.6

- 93 0.1462

MUFA, E%   13.5 ± 
2.3

- - 12.3 ± 
1.8

- - 0.0197

PUFA, E%   7.8 ± 
2.9

- - 6.8 ± 
2.2

- - 0.2136

Third trimester   n = 16     n = 16      

Energy,
kcal/day

  2190 ± 
689

- - 2255 ± 
508

- - 0.7694

Protein, E% 10–
35

20.2 ± 
3.5

0 0 17.0 ± 
2.7

0 0 0.0036

Protein, g/day   109 ± 
37

- - 94.2 ± 
20.1

- - 0.1655

Carbohydrates,
E%

45–
65

41.9 ± 
4.9

69 0 47.5 ± 
5.8

25 0 < 
0.0001

* Based on recommended nutritional intake of 14g/1000 kcal, p-values refer to paired t-test; Bold
indicates statistically signi�cant difference; E%, as a percentage of energy intake; SFA: saturated fatty
acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids.
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    Women with previous bariatric
surgery

Control group p-
value

DRI Mean 
± SD

%
Below
DRI

% Above
DRI

Mean 
± SD

% Below
DRI

% Above
DRI

Carbohydrates,
g/day

  232 ± 
116

- - 269 ± 
75

- - 0.1729

Dietary �bers,
g/day

31* 17.1 ± 
6.4

100 - 23.8 ± 
6.8

88 - 0.0027

Free sugars,
E%

< 10 10.6 ± 
4.8

- 44 10.5 ± 
5.0

- 44 0.9480

Fat, E% 20–
35

37.9 ± 
4.1

0 75 37.3 ± 
4.5

0 68 0.5450

Fat, g/day   93.8 ± 
35.6

- - 93.5 ± 
24.3

- - 0.9787

SFA, E% < 10 15.1 ± 
2.6

- 100 14.5 ± 
2.7

- 100 0.4739

MUFA, E%   13.2 ± 
1.9

- - 13.0 ± 
2.0

- - 0.6741

PUFA, E%   6.6 ± 
1.1

- - 6.7 ± 
262

- - 0.2426

* Based on recommended nutritional intake of 14g/1000 kcal, p-values refer to paired t-test; Bold
indicates statistically signi�cant difference; E%, as a percentage of energy intake; SFA: saturated fatty
acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids.

3.3 Micronutrients

Micronutrient intakes were similar between groups (data not shown). Suboptimal dietary intakes of
vitamin D, folate and iron and excessive sodium intake were reported by most women from both groups
at each trimester (data not shown).

3.4 Diet quality

In the �rst and second trimesters, total C-HEI scores were signi�cantly lower in pregnant women with
previous surgery compared to the control group while this difference was not signi�cant in the third
trimester (Table 3). Women with previous surgery also had signi�cantly lower scores for the following
components: fruits and vegetables, whole fruits, dark green and orange vegetables, total grain products
and whole grains.
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Table 3
Trimester-speci�c Canadian Healthy Eating Index scores

    Mean ± SD or n (%)  

  Score
range

Women with previous
bariatric surgery

Women from
control group

p-
value

First trimester   n = 17 n = 17  

Total 0-100 55.5 ± 10.0 64.5 ± 11.5 0.0067

Adequacy 0–60 40.0 ± 10.1 47.4 ± 7.1 0.0231

Total vegetables and
fruits

0–10 6.8 ± 3.1 8.4 ± 1.7 0.0697

Whole fruits 0–5 3.3 ± 1.7 4.0 ± 1.9 0.2512

Dark green and orange
vegetables

0–5 2.5 ± 1.8 3.6 ± 1.8 0.0882

Total grain products 0–5 3.4 ± 1.2 4.4 ± 0.8 0.0120

Whole grains 0–5 1.7 ± 1.8 2.1 ± 1.6 0.5387

Milk and alternatives 0–10 8.8 ± 2.4 9.3 ± 1.4 0.6484

Meat and alternatives 0–10 7.9 ± 2.6 9.2 ± 1.2 0.1490

Unsaturated fats 0–10 5.6 ± 3.5 6.5 ± 3.1 0.3297

Moderation 0–40 15.5 ± 9.4 17.1 ± 7.6 0.5039

Saturated fatty acids 0–10 2.5 ± 2.9 4.0 ± 2.6 0.1410

Sodium 0–10 4.0 ± 3.5 3.9 ± 3.0 0.9260

Other foods 0–20 9.1 ± 6.2 9.3 ± 4.9 0.8908

Second trimester   n = 21 n = 21  

Total 0-100 53.5 ± 10.8 63.1 ± 13.0 0.0093

Adequacy 0–60 38.8 ± 10.8 46.1 ± 8.4 0.0092

Total vegetables and
fruits

0–10 5.5 ± 2.8 7.9 ± 2.0 0.0026

Whole fruits 0–5 3.0 ± 1.7 4.3 ± 1.3 0.0062

Dark green and orange
vegetables

0–5 2.1 ± 1.6 3.4 ± 1.5 0.0168

Total grain products 0–5 3.7 ± 1.2 4.3 ± 0.8 0.0664

p-values refer to paired t-test; Bold indicates statistically signi�cant difference.
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    Mean ± SD or n (%)  

Whole grains 0–5 1.4 ± 1.3 2.6 ± 1.7 0.0242

Milk and alternatives 0–10 8.7 ± 2.6 8.8 ± 2.2 0.9141

Meat and alternatives 0–10 8.5 ± 2.1 9.0 ± 1.9 0.3089

Unsaturated fats 0–10 5.9 ± 3.0 5.7 ± 3.4 0.8241

Moderation 0–40 14.7 ± 6.7 17.0 ± 8.1 0.2813

Saturated fatty acids 0–10 2.0 ± 2.0 3.2 ± 3.0 0.1410

Sodium 0–10 4.3 ± 3.7 4.4 ± 2.9 0.9164

Other foods 0–20 8.5 ± 5.8 9.4 ± 6.0 0.6431

Third trimester   n = 16 n = 16  

Total 0-100 49.6 ± 11.2 57.8 ± 14.2 0.0671

Adequacy 0–60 36.2 ± 11.2 42.8 ± 8.3 0.0558

Total vegetables and
fruits

0–10 4.9 ± 3.0 7.5 ± 2.5 0.0065

Whole fruits 0–5 1.9 ± 1.8 3.8 ± 1.8 0.0180

Dark green and orange
vegetables

0–5 1.9 ± 1.6 2.9 ± 1.8 0.1174

Total grain products 0–5 4.0 ± 1.0 4.0 ± 1.1 0.9530

Whole grains 0–5 1.8 ± 1.8 1.8 ± 1.7 0.9685

Milk and alternatives 0–10 8.4 ± 2.7 9.5 ± 1.1 0.3355

Meat and alternatives 0–10 8.6 ± 1.5 8.2 ± 2.4 0.4561

Unsaturated fats 0–10 4.7 ± 2.7 5.1 ± 3.9 0.7787

Moderation 0–40 13.4 ± 7.2 15.0 ± 8.5 0.5765

Saturated fatty acids 0–10 1.6 ± 2.6 2.3 ± 2.6 0.4139

Sodium 0–10 3.4 ± 3.8 4.7 ± 2.9 0.2563

Other foods 0–20 8.4 ± 5.1 8.0 ± 6.2 0.8728

p-values refer to paired t-test; Bold indicates statistically signi�cant difference.

Discussion
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To our knowledge, this is the �rst study to precisely characterize trimester-speci�c dietary intakes as well
as diet quality in pregnant women with previous bariatric surgery. Energy intake did not differ signi�cantly
between groups. However, in women with previous surgery, there was a trend for energy intake to be
higher with longer surgery-to-conception interval. During the third trimester, women with previous surgery
consumed a signi�cantly higher proportion of proteins than the control group. Conversely, carbohydrate
as well as dietary �ber intakes for most women with previous surgery were below the recommendations
and were signi�cantly lower compared to the control group. Overall, women with previous surgery had a
poorer diet quality compared to the control group.

Energy intakes did not differ signi�cantly between women with and without bariatric surgery. This could
be explained by the surgery-to-conception interval, which was greater than 18 months for 82% of the
participants. The procedure associated with BPD and SG does involve a signi�cant resection of the
stomach volume and, consequently, a reduction in food intake, but mostly during the �rst months after
the procedure. It is why it is generally recommended that women wait at least 12 months after a SG and
18 months after a BPD before conceiving [19, 20]. The lack of difference in energy intakes is similar to the
�ndings of Jans et al., who noted no signi�cant difference in energy intake (measured in the �rst and
third trimesters) between women who became pregnant on average 45.6 months after surgery (mainly
RYGB) and pregnant women without history of surgery [23]. In addition, in the present study, women with
previous surgery tended to have higher energy intakes with increasing surgery-to-conception interval. As
energy intakes appear to be in�uenced by the surgery-to-conception interval, healthcare professionals
should consider this factor in nutritional monitoring of pregnant women with previous surgery.

In the third trimester, women with previous surgery reported a signi�cantly greater proportion of energy
intake from protein compared to the control group. Women with previous surgery may have been
encouraged by health professionals to consume more protein-rich foods towards the end of their
pregnancy, which could explain the difference observed between groups. Currently, there are no guidelines
for speci�c macro- and micronutrient consumption for pregnant women with a history of surgery except
for an unendorsed recommendation of a minimum daily protein intake of 60g, regardless of the surgical
procedure [20, 24]. In the present study, women with previous surgery had protein intakes that were well
above this recommendation. In contrast, daily protein intakes below 60g have been reported by Coupaye
et al. in pregnant women with previous SG or RYGB while barely higher intakes were reported by Dias et
al. in pregnant women with previous RYGB [25, 26]. The difference between their results and ours may be
related to the type of surgery. Most women from our study had a BPD, a procedure known to induce a
more pronounced protein de�ciency than SG or RYGB, due to the short common limb [27]. Evaluating
optimal protein requirements is a signi�cant challenge for clinicians working with this population and the
type of procedure should be considered in the elaboration of recommendations.

Carbohydrate and dietary �ber intakes of women with previous surgery were signi�cantly lower than the
control group and well below the DRI’s. Similar results were reported in Belgian pregnant women who had
laparoscopic adjustable gastric banding (LAGB) or RYGB before pregnancy as well as in the non-
pregnant bariatric populations [10, 28]. These results could be explained by the following: in the �rst post-
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surgery months, patients may have di�culty tolerating some complex carbohydrates and/or dietary �ber
rich foods like bread, rice, pasta, vegetables and fruit skins [28]. Intolerances can persist for a few years
after the procedure and may even cause food aversions [28]. Additionally, surgery can alter dietary
preferences, which may also in�uence the patients’ food choices [29]. It is also of common practice to
recommend that patients prioritize protein and micronutrient over starch intake after surgery [8, 24]. To
date, the effects of a suboptimal carbohydrate intake on pregnancy outcomes in that population are
under-studied.

Overall, diet quality of women with surgery was signi�cantly lower than the control group in the �rst and
second trimester. It is possible that food intolerances or aversions in women who had surgery in�uence
dietary choices and therefore the overall diet quality [8]. Since the signi�cant differences were observed
for the adequacy components of the C-HEI, it could be hypothesized that food intolerances or aversions
are more likely to affect ‘healthy’ foods. Indeed, the only components that differed signi�cantly between
groups was foods rich in complex carbohydrates or dietary �ber such as grain products and fruits and
vegetables. According to some authors, being a younger and less educated woman is associated with a
lower diet quality during pregnancy [30, 31]. In our study, women with previous surgery had a signi�cantly
lower level of education than the control group, which may partly explain the differences observed. Thus,
food intolerances or aversions and the level of education of pregnant women with previous surgery
should be considered when monitoring their diet quality.  

Strength and limits

The use of a validated Web-based dietary assessment tool resulted in precise nutritional data at each
trimester and the matched pairs design of the study considered the participants' pre-pregnancy BMI.
Some limitations must be recognized including the small sample size and the large proportion of
participants who did not complete the questionnaires at each trimester. Furthermore, the two types of
surgery were not equally represented, which limits the generalization of our results. Moreover, supplement
use was not assessed, which did not allow us to evaluate the real risks of micronutrients de�ciencies. We
did not have access to all medical records, which prevented us from assessing the association between
diet and pregnancy outcomes. Finally, our study did not include questions about food intolerances or
aversions developed following the operation.

What is already known on this subject?

Pregnant women with previous bariatric surgery are at greater risk of nutritional de�ciencies but no study
precisely characterized their eating habits at each trimester of pregnancy.

What this study adds?

This study showed that dietary intakes of pregnant women with bariatric surgery are suboptimal in terms
of nutrient intakes and overall diet quality. 
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Conclusion
Although weight loss surgery improves many pregnancy outcomes, it may increase the risk of nutritional
de�ciencies. Our results showed that dietary intakes of pregnant women after bariatric surgery were
suboptimal in terms of macronutrient and micronutrient intakes and their overall diet quality required
improvement. Women with previous surgery had a poorer diet quality mainly explained by lower intakes
of fruits, vegetables and grain products, which translated into a signi�cantly lower carbohydrate and
dietary �ber intake. Reasons underlying the observed eating habits as well as the repercussions on
maternal and fetal health are poorly documented. As nutrition is a major modi�able health variable, it is
imperative that women with previous bariatric surgery bene�t from continuous nutritional monitoring
throughout pregnancy.
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Figure 1

Total energy intakes according to surgical-to-conception interval for the �rst (a), second (b) and third (c)
trimesters.


