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Abstract
Background: Bariatric surgery (BS) may result in inadequate nutrient intake
and poor diet quality, which can lead to nutritional complications. The present
study aimed to evaluate changes in macro‐ and micronutrient composition and
diet quality in the first 6 months following BS.
Methods: One hundred seven participants undergoing BS (Roux‐en‐Y gastric
bypass: n= 87, sleeve gastrectomy: n= 20) completed 3‐day food records
before and 6 months after surgery. Changes in energy, macronutrient
(carbohydrates, protein, fat, dietary fibre) and micronutrient intake (folate,
vitamin B12, vitamin D, calcium, iron) were evaluated. Diet quality was
assessed by adherence to the Dutch food‐based dietary guidelines.
Results: After BS, we observed a significant decrease in intake of energy and
all macro‐ and micronutrients (p< 0.01 for all), except for calcium
(−39.0 ± 404.6 mg; p= 0.32). Overall, nutrient composition slightly changed
with an increase in the relative intake of protein (+1.1 ± 4.3 energy percentage
[en%]; p= 0.01) and mono‐ and disaccharides (+4.2 ± 6.4 en%; p< 0.001) post‐
surgery. Consumption (median [Q1, Q3]) of vegetables (−50 [−120, 6] g day–1),
wholegrain products (−38 [−81, −8] g day–1), liquid fats (−5 [−13, 2] g day–1),
red meat (−3 [−30, 4] g day–1), processed meat (−32 [−55, 13] g day–1), sodium
(−0.7 [−1.1, −0.2] g day–1) and unhealthy food choices (−2.4 [−5.0, 0.6] serves
week–1) significantly decreased after BS (p< 0.01 for all).
Conclusions: Our results demonstrate both favourable and unfavourable
changes in macro‐ and micronutrient composition and diet quality in the first 6
months following BS. Insight into these changes can improve dietary
counselling in this population. Future research into underlying causes,
consequences and long‐term changes in dietary intake is needed.
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Key points
• Only small changes in nutrient composition and diet quality are observed 6
months after bariatric surgery.

• Favourable changes include a decrease in the intake of foods to limit,
including unhealthy food choices (e.g., sweets and snacks), red and
processed meat and sodium, as well as an increase in dairy consumption
and relative protein intake.
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• Unfavourable changes include reduced intake of vegetables and wholegrain
products, a decreased fibre and micronutrient intake, and an increase in the
intake of mono‐ and disaccharides.

INTRODUCTION

Bariatric surgery (BS) is currently the most effective
treatment for severe obesity resulting in sustained weight
loss, resolution of obesity‐related comorbidities and
improvement of quality of life.1–3 In 2022, the global
registry of The International Federation for Surgery for
Obesity and Metabolic Disorders (IFSO) included
480,970 bariatric procedures of which the Roux‐en‐Y
gastric bypass (RYGB) and sleeve gastrectomy (SG)
were most commonly performed (30% and 60%, respec-
tively).4 Despite their effectiveness on weight reduction
and improved health‐outcomes, most bariatric proce-
dures alter the anatomy and physiology of the gastro-
intestinal tract, thereby influencing intake, digestion and
absorption of nutrients.5,6 Reduced gastric capacity,
gastrointestinal complaints such as reflux or vomiting,
food intolerances, and changes in appetite, taste and
smell post‐surgery may result in inadequate dietary
intake and eventually lead to nutritional complications
such as anemia, osteoporosis and malnutrition.5,7 Over-
all, nutritional deficiencies are frequently reported in this
population, particularly for iron, folate, vitamin B12,
vitamin D and calcium.8 Next to lifelong multivitamin
supplementation, dietary counselling aimed at optimising
dietary intake and diet quality is crucial for improving
nutritional status and long‐term health after BS.9

General dietary recommendations include prioritising
protein intake, minimising high‐sugar and high‐fat foods,
eliminating sugar‐sweetened beverages and alcohol, and
increasing the consumption of fibre‐rich foods.10,11

Within the Netherlands, BS patients are advised to use
an energy‐restricted diet based on the general Dutch
food‐based dietary guidelines issued in 2015 by the
Health Council of the Netherlands.12,13

Overall, reductions in energy intake of approximately
45%–60% are reported at 6 months post‐surgery.14–17
However, it is unclear whether these changes are accompa-
nied with changes in nutrient composition of the diet.18

Furthermore, the decrease in energy intake may not only be
a consequence of simply eating smaller portions of the same
food items, but also the result of a change of intake towards
healthier, less energy‐dense foods.19 In addition to quanti-
fying energy and nutrient intake, analysis of diet quality has
therefore gained interest. An improvement in diet quality
could compensate for the absolute decrease in food intake
and malabsorption of nutrients and may play an important
role in weight loss outcome after BS.9,20,21 However, this
goal appears to be difficult to achieve because poor diet
quality is frequently reported in this population.9,20,22–25

Although most studies generally report a low consumption

of protein, fibre, fruit and vegetables, and a high
consumption of carbohydrates, sugars and fat,22,26–29

others did observe beneficial changes in dietary intake after
BS, characterised by an increased intake of protein‐rich
foods and vegetables30 and a reduced consumption of
sugar‐containing snacks and beverages.30,31 However, the
findings are inconsistent across different time points after
surgery and most studies were limited to small sample sizes
(n= 17–100).26,27,29–31 The present study aimed to evaluate
short‐term changes in macro‐ and micronutrient composi-
tion and diet quality in the first 6 months following BS.

METHODS

Study design and participants

The present study was conducted as part of the Eetscore
study, a prospective cohort study on dietary intake and
dietary assessment methods before and after BS.32 Recruit-
ment took place at Vitalys Obesity Clinic (Arnhem, the
Netherlands) between October 2018 and September 2019.
Participants were included approximately 6 weeks pre‐
surgery and followed up until 6 months post‐surgery.
During the pre‐ and post‐operative period, all patients
participated in an intensive multidisciplinary bariatric
surgery support program that starts approximately 6 weeks
before surgery until 9 months post‐surgery. Exclusion
criteria for the study were a non‐Dutch eating pattern,
suffering from an eating disorder, inability to fill in
questionnaires or food records and having a previous
bariatric procedure other than an adjustable gastric band in
medical history. Participants with a missing or incomplete
(< 2 days) food record at baseline and/or 6 months of
follow‐up were excluded from data analysis. Of the 200
participants who signed the informed consent and were
included in the study, 107 participants completed the 3‐day
food record before and after surgery (Figure 1).

The study was approved by the Local Ethical
Committee of Rijnstate Hospital and conducted accord-
ing to the guidelines laid down in the Declaration of
Helsinki. Written informed consent was obtained from
all participants.

Data collection

Demographic information

Socio‐demographic (age, sex, educational level) and
health‐related information (type of surgery, smoking
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status, comorbidities, anthropometrics) were obtained
from electronic patient records. Educational level was
defined using the International Standard Classification
of Education (ISCED) 2011.33 Anthropometric mea-
surements were performed during standard visits at the
hospital. Body weight was measured to the nearest
0.1 kg with a digital weighing scale (BC‐420MA;
Tanita), after removal of heavy clothing and shoes.
Height was measured in standing position with a wall‐
mounted stadiometer (model 206; Seca). Body mass
index (BMI) was calculated as body weight (kg)
divided by squared height (m2). Total body weight
loss (TWL) at 6 months was calculated as weight loss
divided by body weight before surgery, multiplied
by 100%.

Dietary assessment

Dietary intake was assessed by means of estimated
3‐day food records. At both time points, recorded
days were randomly selected and consisted of two
week days (Monday–Thursday) and one weekend day
(Friday–Sunday). To remind participants to record
all foods and drinks consumed, a preformatted food
record was used including six meal occasions (break-
fast, morning, lunch, afternoon, dinner, evening). All
participants received verbal instructions and were
provided with a written example by the researcher.
They were asked to record all consumptions over the 3
days in as much detail as possible, to report cooking
methods and to include the recipes for any mixed
dishes. Portion sizes were reported in household
measures or measured in grams or milliliters. Com-
pleted food records were reviewed for completeness

with regards to portion sizes, cooking methods and
description of foods. Telephone interviews with the
participants were conducted in case of any uncertain-
ties (approximately 1–2 weeks after completion of
food records). Dietary intake data were entered in
Compl‐eat™, a computer‐based nutrition calculation
program that is linked to the Dutch Food Composi-
tion Database (NEVO‐online, version 2016)34 in
accordance with standardised coding procedures. All
consumed foods and meals were coded into as much
detail as possible. Mixed dishes such as pasta or rice
dishes were broken down into individual ingredients,
including corresponding portion sizes, and coded as
individual foods. In case of missing recipes for mixed
dishes, standard recipes of the Dutch Food Composi-
tion Database were used.34

Evaluation of nutrient composition and diet
quality

Macronutrient composition of the diet was evaluated by
intake of total energy, total carbohydrates and mono‐
and disaccharides, total protein, plant‐based and
animal‐based protein, total fat, saturated fat, mono-
unsaturated fatty acids and polyunsaturated fatty acids
(including alpha‐linolenic acid, eicosapentaenoic acid,
and docosahexaenoic acid), and dietary fibre. Further-
more, dietary intake of a limited range of micronu-
trients for which bariatric patients often display low
serum levels was assessed: folate, vitamin B12, vitamin
D, calcium and iron. Use of vitamin and mineral
supplementation was not included in the present study
because the aim was to determine the nutritional value
of reported food intake only.

Diet quality was assessed using the cut‐off criteria
of the Dutch Healthy Diet index 2015 (DHD2015‐
index). The development of the DHD2015‐index has
been described previously35 and consists of 15 compo-
nents representing the Dutch food‐based dietary
guidelines of 201513: vegetables, fruit, wholegrain
products, legumes, nuts, dairy, fish, tea, fats and oils,
coffee, red meat, processed meat, sugar‐sweetened
beverages, alcohol, and sodium.35 Because information
on the type of coffee was not available from the food
records, this component was not included in the
analyses. In addition to these 15 components, the
component “unhealthy food choices” was added based
on the guideline of the Netherlands Nutrition Centre
to limit the consumption of high‐sugar and high‐fat
foods.36 Consumption of unhealthy food choices was
assessed as the number of servings per week and cut‐off
criteria were based on the work of de Rijk et al.37 An
overview of the 16 components and corresponding
recommendations is provided in the Supporting
information (Table S1).

FIGURE 1 Flowchart of study population at baseline and follow‐
up. FR, food record.
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Statistical analysis

General characteristics of the study population are
reported as the median [Q1, Q3] for continuous data
and as frequency (%) for categorical data.

Dietary intake data assessed by the 3‐day food
records were averaged over the number of completed
days. Daily dietary intake is reported as the mean ±
SD for normally distributed data and as the median
[Q1, Q3] for non‐normally distributed data. Changes
in dietary intake from baseline to 6 months after
surgery were tested with a paired t‐test (normally
distributed variables) or a Wilcoxon signed rank test
(non‐normally distributed variables). Data split ac-
cording to sex are provided in the Supporting
information (Tables S2–S4). Negative values indicate
a decrease in intake.

All statistical analyses were performed using SPSS,
version 25 (IBM Corp., Armonk, NY, USA). p < 0.05
(two‐sided) was considered statistically significant.

RESULTS

Participant characteristics

The total study population consisted of 107 participants
with a median age of 50.0 [39.0, 56.0] years and a median
ICSED level of education of 3.5 [3.0–4.0] (Table 1). The
majority was female (79.4%) and had never smoked
(57.9%). Half of the study population had no comorbid-
ities before surgery (50.5%). All participants underwent
either RYGB (81.3%) or SG (18.7%). Median BMI
decreased from 41.3 [38.9, 45.2] kg m–2 before surgery to
30.8 [28.5, 34.0] kg m–2 6 months after surgery, resulting
in a median TWL of 25.9% [21.1%, 29.4%].

Median follow‐up time after surgery was 6.6 [6.4, 6.8]
months.

Changes in nutrient composition

Energy intake at baseline was 1877 ± 470 kcal and
decreased by 512 ± 433 kcal (p < 0.001) (Table 2). Simi-
larly, daily intake of total carbohydrates (−51.7 ± 50.0 g),
protein (−18.6 ± 24.3 g), fat (−23.2 ± 26.7 g) and fibre
(−6.4 ± 6.1 g) significantly decreased at 6 months post‐
surgery (p< 0.001 for all).

Overall, nutrient composition of the diet slightly
changed after BS with an increase in the relative intake of
total protein (+1.1 ± 4.3 en%; p= 0.01) and mono‐ and
disaccharides (+4.2 ± 6.4 en%, p< 0.001). Relative intake
of total carbohydrates and fat remained similar between
the two time points (+0.2 ± 7.7 en%; p= 0.77 and
−0.8 ± 7.4 en%; p= 0.25, respectively).

Micronutrient intake of folate, vitamin B12, vitamin
D and iron significantly decreased (p < 0.01), whereas the

intake of calcium remained stable at 6 months post‐
surgery (–39.0 ± 404.6 mg; p = 0.32).

Changes in diet quality

Overall, consumption of vegetables, wholegrain prod-
ucts, liquid fats, red and processed meat, sodium and
unhealthy food choices decreased, whereas the consump-
tion of dairy tended to increase after BS (Table 3).
Consumption of fruit, legumes, fish, tea, sugar‐sweetened
beverages and alcohol remained similar from baseline to
6 months post‐surgery.

TABLE 1 General characteristics of the total study population.

Total study population (n= 107)

Age (years) 50.0 [39.0, 56.0]

Sex (female) 85 (79.4)

Educational levela 3.5 [3.0–4.0]

Smoking status

Never 62 (57.9)

Former 39 (36.4)

Current 6 (5.6)

Comorbidities

None 54 (50.5)

Diabetes mellitus type 2 18 (16.8)

Dyslipidemia 21 (19.6)

Hypertension 35 (32.7)

OSAS 19 (17.8)

Adjustable gastric band in
history

16 (15.0)

Type of surgery

RYGB 87 (81.3)

SG 20 (18.7)

BMI before surgery (kg m²) 41.3 [38.9, 45.2]

BMI after surgery (kg m²) 30.8 [28.5, 34.0]

Waist circumference before
surgery (cm)b

127.0 [117.0, 134.8]

Waist circumference after
surgery (cm)c

101.0 [92.3, 110.0]

TWL since surgery (%) 25.9 [21.1, 29.4]

Note: Data are presented as median [Q1, Q3] and frequencies (valid percentages).

Abbreviations: OSAS, obstructive sleep apnea syndrome; RYGB, Roux‐en‐Y
gastric bypass; SG, sleeve gastrectomy; BMI, body mass index; TWL, total body
weight loss.
aBased on International Standard Classification of Education (ISCED). Missing
for n = 9.
bMissing for n= 11.
cMissing for n = 27.
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Daily consumption of vegetables and wholegrain
products markedly decreased (50 [−120, 6] g and 38 [−81,
−8] g, respectively) (p< 0.001 for both). Similarly, the
percentage of participants with a consumption according
to the recommendation decreased from 28% to 13% for
vegetables and from 58% to 19% for wholegrain products

(p< 0.01 for both) (Figure 2). For fats and oils, daily
consumption of liquid fats significantly decreased,
whereas the consumption of solid fats remained similar
(−5 [−13, 2] g vs. 0 [−2, 3] g, respectively). As a result, the
percentage of participants adhering to the recommenda-
tion decreased from 62% to 47% (p= 0.03). Intake of red

TABLE 2 Daily dietary intake of energy and macro‐ and micronutrients before and 6 months after BS in 107 participants.

Intake

p‐valueBaseline 6 months Change

Total energy (kcal) 1877 ± 470 1365 ± 376 −512 ± 433 <0.001

Carbohydrates

Total carbohydrates (en%) 41.0 ± 5.9 41.2 ± 6.4 +0.2 ± 7.7 0.77

Total carbohydrates (g) 191.0 ± 52.3 139.3 ± 40.0 −51.7 ± 50.0 <0.001

Mono‐ and disaccharides (en%) 16.9 ± 5.2 21.0 ± 5.4 +4.2 ± 6.4 <0.001

Mono‐ and disaccharides (g) 78.2 ± 30.0 71.3 ± 24.0 −6.9 ± 33.1 0.03

Protein

Total protein (en%) 18.2 ± 3.9 19.3 ± 3.5 +1.1 ± 4.3 0.01

Total protein (g) 84.1 ± 23.5 65.5 ± 20.7 −18.6 ± 24.3 <0.001

Plant‐based protein (g) 29.3 ± 9.1 18.5 ± 6.2 −10.9 ± 8.7 <0.001

Animal‐based protein (g) 54.2 ± 19.0 46.1 ± 17.8 −8.1 ± 21.9 <0.001

Total protein (g kg–1)a 1.1 ± 0.3 0.9 ± 0.3 −0.2 ± 0.3 <0.001

Fat

Total fat (en%) 37.3 ± 6.6 36.4 ± 6.3 −0.8 ± 7.4 0.25

Total fat (g) 79.1 ± 28.0 55.9 ± 19.9 −23.2 ± 26.7 <0.001

Saturated fat (en%) 13.3 ± 3.2 13.4 ± 3.3 +0.1 ± 4.1 0.89

Saturated fat (g) 28.4 ± 11.2 20.6 ± 8.1 −7.8 ± 11.0 <0.001

Monounsaturated fatty acids (g) 27.6 ± 11.1 19.4 ± 8.0 −8.2 ± 11.5 <0.001

Polyunsaturated fatty acids (g) 15.7 ± 6.3 10.4 ± 4.7 −5.2 ± 6.4 <0.001

Alpha‐linolenic acid (g) 1.5 [1.2, 2.0] 1.0 [0.7, 1.3] −0.5 [−0.8, −0.1] <0.001

Eicosapentaenoic acid (g) 0.03 [0.01, 0.06] 0.02 [0.01, 0.06] 0.00 [−0.03, 0.02] 0.36

Docosahexaenoic acid (g) 0.02 [0.01, 0.07] 0.02 [0.00, 0.07] 0.00 [−0.05, 0.02] 0.20

Fibre

Total fibre (g) 21.0 ± 5.9 14.6 ± 5.2 −6.4 ± 6.1 <0.001

Micronutrients

Folate (μg)b 245.9 [206.9, 293.1] 184.2 [148.3, 217.7] −57.0 [−110.2, −12.8] <0.001

Vitamin B12 (μg) 4.3 [3.2, 5.5] 3.7 [2.6, 4.6] −0.7 [−2.1, 0.7] 0.002

Vitamin D (μg) 2.9 [1.9, 4.0] 1.9 [1.4, 2.8] −0.7 [−2.1, 0.1] <0.001

Calcium (mg) 982.1 ± 321.7 943.1 ± 346.7 −39.0 ± 404.6 0.32

Iron (mg) 10.0 ± 2.7 7.1 ± 2.3 −2.9 ± 2.8 <0.001

Note: Data are presented as mean ± SD or median [Q1, Q3]. Negative values indicate a decrease in intake.

Abbreviation: en%, energy percentage.
aBased on ideal body weight at a BMI of 25.
bDietary folate equivalents (DFE). 1 DFE = 1 μg food folate = 0.6 μg of folic acid from fortified food.
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meat, processed meat and sodium also significantly
decreased post‐surgery (p< 0.01 for all), which resulted
in an increased adherence to the recommendations for
sodium (35%–73%; p< 0.001) and red meat (77%–87%;
p= 0.051), but not for processed meat (3%–4%; p= 0.99).
Consumption of unhealthy food choices decreased from
5.9 [3.1, 9.7] to 3.5 [1.5, 5.7] servings per week (p< 0.001),
increasing the adherence to the recommendation from
24% to 41% after BS (p= 0.009).

Dairy was the only food group that showed a notable
increase in daily consumption 6 months after surgery
(+25 [−121, 231] g; p= 0.052), although not statistically
significant. Although the percentage of participants with
a dairy consumption within the recommended optimal
range of 300–450 g remained similar between baseline
and follow‐up (25%–22%), the number of participants
consuming over 450 g day–1 increased from 29% to 45%
(p= 0.051). We also observed a slight increase in the
consumption of nuts (0 [0, 3] to 0 [0, 8] g; p= 0.02), but
median intake at 6 months was still extremely low and

compliance with the recommendation did not change
after BS (11%–20%; p= 0.09).

DISCUSSION

The present study aimed to evaluate short‐term changes
in macro‐ and micronutrient composition and diet
quality in the first 6 months following BS. Favourable
changes included a decrease in the intake of foods to
limit, including unhealthy food choices (e.g., sweets and
snacks), red and processed meat and sodium, as well as
an increase in dairy consumption and relative protein
intake after BS. However, unfavourable changes, includ-
ing a reduced consumption of vegetables and wholegrain
products, along with a decreased fibre and micronutrient
intake, and an increase in the intake of mono‐ and
disaccharides, were also observed 6 months post‐surgery.

Overall, we found that macronutrient composition of
the diet slightly changed with a postoperative increase in

TABLE 3 Consumption of food groups according to the Dutch food‐based dietary guidelines before and 6 months after BS in 107 participants.

Recommendation

Intake

p‐valueBaseline 6 months Change

Vegetables (g day–1) ≥200 g 146 [94, 208] 87 [52, 140] −50 [−120, 6] <0.001

Fruit (g day–1) ≥200 g 187 [113, 255] 168 [111, 255] −8 [−77, 51] 0.34

Wholegrain products (g day–1) ≥90 g 99 [58, 136] 47 [26, 73] −38 [−81, −8] <0.001

Legumes (g day–1) ≥10 g 0 [0, 0] 0 [0, 0] 0 [0, 0] 0.89

Nuts (g day–1) ≥15 g 0 [0, 3] 0 [0, 8] 0 [0, 8] 0.02

Dairy (g day–1)a 300–450 g 337 [222, 507] 418 [242, 534] +25 [−121, 231] 0.05

Fish (g day–1)b ≥15 g 0 [0, 4] 0 [0, 4] 0 [−3, 4] 0.78

Tea (g day–1) ≥450 g 200 [0, 507] 133 [0, 517] 0 [−200, 105] 0.37

Fats and oils (g day–1) Only consumption of liquid fats or ratio
of liquid fats to solid fats ≥ 13

Liquid fats (g day–1) 13 [5, 24] 7 [3, 12] −5 [−13, 2] <0.001

Solid fats (g day–1) 0 [0, 6] 1 [0, 6] 0 [−2, 3] 0.57

Red meat (g day–1) ≤45 g 27 [0, 45] 6 [0, 30] −3 [−30, 4] 0.003

Processed meat (g day–1) 0 g 67 [33, 103] 43 [20, 65] −32 [−55, 13] <0.001

Sugar‐sweetened beverages
(g day–1)

0 g 58 [0, 150] 50 [0, 183] 0 [−67, 75] 0.89

Alcohol (g day–1) ≤10 g of ethanol 0 [0, 0] 0 [0, 0] 0 [0, 0] 0.12

Sodium (g day–1)c ≤1.9 g 2.2 [1.7, 2.9] 1.6 [1.2, 2.0] −0.7 [−1.1, −0.2] <0.001

Unhealthy food choices (serves
week–1)

≤3 servings per week 5.9 [3.1, 9.7] 3.5 [1.5, 5.7] −2.4 [−5.0, 0.6] <0.001

Note: Data are presented as median [Q1, Q3]. Cut‐offs are based on the DHD2015‐index 36,38. Negative values indicate a decrease in intake.
aMaximum of 40 g of cheese included.
bMaximum of 4 g of lean fish included.
cThe recommendation of < 6 g of table salt corresponding to ≤ 2.4 g of sodium was adjusted by 20% to compensate for missing data on added salt.
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percentage energy from proteins at 6 months. Still, only
59% of the participants had an adequate protein intake
according to the recommended goal of ≥ 60 g day–1 after
BS,10,38 which is in line with previous research.14,16,17,39,40

Adequate protein intake is needed to prevent the loss of fat‐
free mass, hair loss, poor wound healing and oedema,40 and
may increase satiety and therefore be an important factor in
maintaining weight loss after surgery.15 The relative
increase in protein intake post‐surgery might be explained
by the slight increase in dairy because this was the only
food group that showed a notable increase in daily
consumption, whereas the consumption of most other food
groups decreased post‐surgery. This might also explain the
fairly stable intake of calcium, whereas the intake of all
other micronutrients decreased after BS. Because only a
minority of the participants reported to consume plant‐
based protein sources such as legumes (14%) and nuts
(41%), many bariatric patients may benefit from increasing
their consumption of plant‐based protein sources. In
addition to the intake of protein‐rich foods, protein
supplementation could also contribute to achieving the
recommended goal of 60 g day–1 in patients who fail to
consume adequate amounts of protein. In the present
study, additional protein supplementation was not rou-
tinely advised and only a few participants reported the use
of artificial sources of protein (e.g., protein bars, powders
and shakes).

The inadequate consumption of vegetables and
wholegrain products observed in the present study is in
line with the findings of Schiavo et al.,27 who also found
an inadequate intake of vegetables and complex

carbohydrates in a cohort of patients ≥ 4 years after
SG. Vegetable consumption in the present study was
already low at baseline (146 g) and further decreased at 6
months after surgery (87 g), with only 13% reaching the
recommended amount of 200 g day–1. Inadequate
vegetable consumption is common within the general
Dutch population with a mean consumption of 131 g
day–1.41 Because 85% of vegetables in the Dutch diet are
consumed during dinner,42 which was also true for the
present study, including vegetables at other eating
occasions during the day could improve vegetable
consumption, particularly in the bariatric population
because of their higher meal frequency. The reduced
intake of wholegrain products could be a reflection of
food intolerances to bread, cereals, pasta and rice,9,43–45

as well as prioritising protein intake over the consump-
tion of grains to limit overall energy intake, as generally
advised after BS. Together with the large decrease in the
consumption of vegetables and wholegrains, dietary fibre
intake in the present study decreased to 14.6 ± 5.2 g day–1

with only 10% reaching the recommended intake of
14 g per 1000 kcal10 at 6 months post‐surgery, which is in
accordance with low fibre intakes reported in previous
research in the bariatric population.14,29,45–48 Next to the
general health benefits of dietary fibre, inadequate fibre
intake in this population has also been linked to
constipation, which is a common problem after BS.45,46

In addition to increasing the consumption of vegetables
and wholegrains, the consumption of other fibre‐rich
foods such as (low sugar) fruits, legumes and nuts could
also contribute to a higher fibre intake.

FIGURE 2 Adherence to the Dutch food‐based dietary guidelines before and 6 months after BS in 107 participants. Significant difference
between time points: *p< 0.05, **p< 0.01, ***p < 0.001.
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The number of unhealthy food choices such as sweet
and savory snacks significantly decreased from 5.9 to 3.5
servings per week. Next to a positive impact of dietary
counselling, changes in taste could offer an explanation
for this finding. After BS, taste sensitivity to sweet and
fatty stimuli appears to increase, along with a reduced
hedonic response to these stimuli.49 However, consump-
tion of sugar‐sweetened beverages did not decrease in the
present study, despite the beneficial changes observed in
previous research.31,50 At the same time, a relative
increase in the intake of mono‐ and disaccharides was
observed (16.9 ± 5.2 en% to 21.0 ± 5.4 en%), implying
that high‐sugar foods and drinks comprised a relatively
larger part of the diet after surgery compared to before.
In the study by Kapoor et al.,51 deselection of high‐fat
and/or high‐sugar foods at an ad libitum buffet was
prevalent but not universal, suggesting that food prefer-
ences may not change favourably in all patients after
BS.19,51 This may also explain the large variation in the
intake of sugar‐sweetened beverages post‐surgery (0–183
g day–1). Reducing the intake of unhealthy food choices
is not only needed for improved weight loss outcomes,21

consumption of high‐sugar foods and drinks could also
lead to common post‐surgical gastrointestinal symptoms
such as dumping syndrome.10,11,28 Identifying potential
contributing factors to the variation in food preferences
post‐surgery could be useful to help identify patients that
need additional support in making the desired dietary
changes.19

Many factors could underlie the observed changes in
dietary intake after BS. Although it was beyond the
scope of the present study to explain its causality, the
small changes in nutrient composition and diet quality
could indicate that dietary intake in the present study
was mainly altered by the reduction of the amount of
food intake and not in the type of food consumed, as
reported by several other studies.52,53 However, there are
several other factors to take into account, such as
nutritional counseling and education about healthy food
choices, food intolerances and changes in taste, food
preferences, and food reward in the brain.

The intensive multidisciplinary bariatric surgery
support program may be a motivation for dietary
changes after BS, which is supported by the increased
consumption of protein‐rich foods and the decreased
consumption of unhealthy food choices, which represent
two major targets in the program. It might also be that
the reduced consumption of sweet and fatty foods is a
consequence of the decreased preference for sweet and
fatty taste and increase in sweet taste sensitivity that is
observed after BS,49,54 or results from previous experi-
ences of food‐related complaints such as dumping
syndrome or reflux after ingesting such foods.30,54

Moreover, neuroimaging studies have shown differences
in the neural responses to high‐ and low‐energy food
stimuli pre‐ and post‐BS.55,56 These changes may be
influenced by alterations in the signaling from the gut to

the brain, as well as changes in the microbiota and in the
secretion of digestive hormones such as glucagon‐like
peptide‐1 and ghrelin.54 More studies are needed to
understand these mechanisms in greater detail.

Overall, dietary counselling remains a key component
in the bariatric surgery program, especially during the
first months post‐surgery because short‐term changes in
dietary intake have been related to longer term weight
outcomes. For example, short‐term reductions in energy
intake at 6 months post‐surgery were associated with
greater weight loss over 10 years in the Swedish Obese
Subjects study.15 This association is consistent with the
research from Ostad et al.47 and Nymo et al.,21 who also
reported better weight loss outcomes when intake of
energy was lower. Additionally, attention should be paid
to the qualitative aspects of the diet to optimise weight
outcomes. Masood et al.57 suggested that weight regain
after BS might be less due to excessive consumption of
food and more to a poor selection of healthy foods.
Indeed, multiple other studies found poor diet quality to
be associated with weight regain in the late postoperative
period.9,20–22 Overall, poor diet quality is commonly
reported in this population.9,20,22–25 Two studies showed
that diet quality of individuals who had previously
undergone bariatric surgery was lower compared to
individuals with normal weight.23,25 This highlights the
importance of improving dietary habits in the first month
following surgery and not solely relying on the initial
benefits of the bariatric procedure.

Poor diet quality can also result in low micronutrient
intake and thereby contribute to the development of
nutritional deficiencies. Overall, nutritional deficiencies
are frequently reported in this population, particularly
for iron, folate, vitamin B12, vitamin D and calcium.8 In
the present study, the significant reduction in energy
intake was accompanied with a reduced intake of folate,
vitamin B12, vitamin D and iron. In general, reported
dietary micronutrient intake was already low before
surgery and worsened post‐surgery, which is in accord-
ance with previous research.16,26 Nonetheless, it is not
realistic to expect micronutrient intake from diet alone to
provide the required levels needed to prevent micro-
nutrient deficiencies after BS. To illustrate, intake of iron
at 6 months post‐surgery was 7.1 ± 2.3 mg, whereas daily
iron requirements are estimated to be 45–60mg after
BS.38 For vitamin B12, the disagreement between intake
and requirement is even more pronounced with a median
intake of 3.7 [2.6–4.6] μg versus a requirement of
350–1000 μg vitamin B12 per day.38 This was also
demonstrated in the study of Gesquiere et al.,58 who
showed that dietary intake of iron and vitamin B12
comprised only a small part of total micronutrient intake
when intake from supplements was included (25% and
5%, respectively) at 12 months after RYGB. For these
reasons, adequate daily vitamin and mineral supplemen-
tation is also needed to prevent nutritional deficiencies
after BS.
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The main strength of the present study was the focus
on both nutrient composition and diet quality assessed
by the consumption of different food groups. This
approach aligns with the trend to comprehensively
represent the totality of the diet by focusing on foods
and beverages rather than individual nutrients. Never-
theless, our results should also be interpreted in light of
certain limitations. First, loss to follow‐up was relatively
high, with only half of the study population completing
the 3‐day food records at both time points, which may
limit the power and generalisability of our findings.
Nevertheless, the study population was still found
representative of the general Dutch bariatric patient
population,59 indicating a minor risk of selection bias.
Second, reporting dietary intake on only 3 days may not
have been representative of usual dietary intake because
this is likely not sufficient to capture the daily variation
in food intake. This could have resulted in an under-
estimation of foods that are not consumed on a daily
basis. Third, under‐reporting of energy intake is a
common bias in nutrition research, particularly among
participants with overweight or obesity.18,60,61 In a
previous study using data of the same cohort, we
estimated that 57% of the 140 participants potentially
under‐reported their energy intake at baseline.32 How-
ever, the degree of under‐reporting post‐surgery could
not be identified because most techniques largely rely on
the condition of weight stability. Therefore, the magni-
tude and direction of under‐reporting, as well as
potential consequences for data interpretation, remain
unknown in the present study. Still, we can assume that
the preoperative and postoperative measurements are
subject to the same biases and that the direction and
magnitude of change is consistent over time. Last, the use
of a preformatted food record prevented us from gaining
insight into other relevant aspects of eating behaviour
such as meal frequency and separation of liquid and solid
foods. Given the general biases that are common to
many types of traditional dietary intake assessment
methods, such as food records, 24‐h recalls, and food
frequency questionnaires, we would advocate for novel
methods that can overcome these challenges in future
studies.

CONCLUSIONS

To conclude, our results demonstrate both favourable
and unfavourable changes in macro‐ and micronutrient
composition and diet quality during the first 6 months
after BS. Insight into these changes may help dietitians
and other healthcare practitioners to understand poten-
tial pitfalls with respect to improving dietary counselling
of their patients. Based on the findings of the present
study, increasing the consumption of plant‐based protein
sources such as legumes and nuts could improve absolute
protein intake, whereas the consumption of vegetables

and wholegrain products should be targeted to improve
fibre intake. Although the consumption of unhealthy
food choices decreased after surgery, more attention is
needed to also limit the consumption of sugar‐sweetened
beverages to reduce sugar intake. Moreover, an overall
improvement in diet quality could also improve micro-
nutrient intake, although additional supplementation
will always be necessary to meet the required levels for
preventing micronutrient deficiencies after BS.

Future research into potential contributing factors
underlying changes in dietary intake and its conse-
quences post‐surgery could be useful to help identify
patients that need additional support in making the
desired dietary changes. Furthermore, larger studies
focusing on long‐term changes in dietary intake are
needed as eating behaviour is likely to change over time.
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