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Obesity is a complex multifactorial disease defined by excessive adiposity that poses a 

major risk to health [1-3]. In recent decades, obesity has reached epidemic proportions 

with at least 2.8 million people dying each year as a result of being overweight or obese 

[3]. In the Netherlands, about 15 percent of the adults were living with obesity in 2022, 

and about 35% of the population was moderately overweight and thus at risk of entering 

the obese state [4].  

Body mass index (BMI) is the most commonly used index to classify overweight and 

obesity in adults. The World Health Organization defines obesity as a BMI greater than 

or equal to 30 [2]. Subsequently, obesity is frequently subdivided into the following 

categories [5]: 

• Class I: BMI of 30 to <35 

• Class II: BMI of 35 to <40 

• Class III: BMI of 40 or higher, sometimes referred to as 'severe obesity'. 

Obesity is associated with a significant increase in mortality and an increased risk of many 

noncommunicable diseases including cardiovascular diseases, type 2 diabetes mellitus, 

chronic respiratory diseases and certain types of cancer [1-3]. In terms of mental health, 

obesity is closely linked to mental illness such as depression and anxiety [6-8].  

The wide-spread impact of obesity and its complications does not only affect a person's 

health, wellbeing and quality of life on the individual level but also imposes a large 

economic burden on society and the health care system [9-11]. According to recent 

research, average societal costs of people living with obesity in the Netherlands are 

about €15,000 per year, with its impact going well beyond the healthcare sector alone 

[12]. 

 

Treatment of obesity – Bariatric and metabolic surgery 
Obesity has a multifactorial etiology that includes complex interactions between genetic, 

behavioral, environmental, physiological, social, and cultural factors that lead to an 

imbalance between energy intake and expenditure during a prolonged period of time 

[13]. Although prevention of obesity should be the cornerstone in this public health issue, 

prevention alone cannot reverse the current obesity epidemic. Treatment options for 

obesity include lifestyle interventions (dietary changes and increased physical activity), 

pharmacotherapy, and in some cases, surgical treatment. Unfortunately, lifestyle 

intervention programs often result in insufficient weight loss, and maintenance of weight 

loss is usually inadequate in individuals with severe obesity [14-17]. Pharmacotherapy in 

general leads to a 2-11% weight loss and should only be considered in conjunction with 

lifestyle changes [18, 19].  
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For individuals with severe obesity who are unable to lose weight by lifestyle 

modifications or pharmacotherapy, metabolic or bariatric surgery (coming from the 

Greek words 'baros' meaning 'weight' and 'iatrikos' meaning 'medicine') can be 

considered. Bariatric surgery is currently the only effective treatment for severe obesity 

that results in long-term weight loss, reduction of obesity-related comorbidities and 

overall mortality, and improvement in quality of life [20-24]. Between 2015 and 2020, 

more than 60,000 bariatric procedures were performed in the Netherlands, increasing up 

to about 12,000 procedures yearly [25]. The American Society for Metabolic and Bariatric 

Surgery (ASMBS) and The International Federation for the Surgery of Obesity and 

Metabolic disorders (IFSO) have recently revised the indications for bariatric and 

metabolic surgery [26]. The ASMBS/IFSO guidelines now recommend bariatric and 

metabolic surgery for individuals with a BMI of 35 or more, regardless of presence, 

absence or severity of obesity-related comorbidities [26]. Furthermore, bariatric and 

metabolic surgery should be considered for individuals with a BMI of 30-34.9 and 

metabolic disease [26]. Currently, the Roux-en-Y gastric bypass and sleeve gastrectomy 

are the most commonly performed procedures worldwide, accounting for respectively 

24% and 67% of all primary procedures [27] (Figure 1). 

 

Figure 1. Anatomy of the Roux-en-Y gastric bypass (left) and sleeve gastrectomy (right) 

 

During a Roux-en-Y gastric bypass procedure, the stomach is first divided into a smaller 

pouch which is about the size of an egg (±30 ml). The larger part of the stomach is 

bypassed and no longer stores or digests food. The pouch is then directly connected to 

a part of the small intestine, called the Roux limb or alimentary limb (length of ±100 cm). 

As a result, food will go into the small pouch and then directly into the alimentary limb, 

thereby bypassing the distal part of the stomach, duodenum and the proximal jejunum. 

Secretion fluids from the gastric remnant, liver and pancreas go through the 

biliopancreatic limb (length of ±150 cm) and only come in contact with the ingested 
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foods in the common channel, which is the point where the alimentary limb and the 

biliopancreatic limb come together.  

The sleeve gastrectomy is performed by removing approximately 75-80% of the 

stomach. The pyloric valve at the bottom of the stomach is preserved such that the 

stomach function and digestion remain unaltered. 

The underlying mechanisms of weight loss after bariatric surgery are complex and 

include reduced food intake and malabsorption induced by modifications in the 

gastrointestinal tract, as well as changes in neural and gut hormonal signals that regulate 

hunger and satiety, gut microbiota, bile acids, food preferences, and possibly energy 

expenditure [28-30]. The percentage total body weight loss after 5 years is approximately 

25.5% (95% CI: 25.1-25.9%) after Roux-en-Y gastric bypass and 18.8% (95% CI: 18.0-

19.6%) after sleeve gastrectomy [31]. 

 

Nutritional status after bariatric surgery 
Despite their effectiveness on weight reduction and improved health-outcomes, all 

bariatric procedures alter the anatomy and physiology of the gastrointestinal tract, 

thereby influencing intake, digestion and absorption of nutrients, which in turn may 

impact nutritional status [32, 33]. Nutritional status has been defined as "a physiological 

state of an individual, which results from the relationship between nutrient intake and 

requirements, and from the body's ability to digest, absorb and use these nutrients" [34].  

Optimizing post-operative nutritional status starts pre-operatively. Despite the high-

caloric intake, poor diet quality and low nutrient intake are consistently reported in 

individuals with (severe) obesity, including those undergoing bariatric surgery [35, 36]. 

As a result, most individuals with obesity already present with a number of micronutrient 

deficiencies prior to surgery [37-39]. Next to poor diet quality and low nutrient intake, 

reduced bioavailability of specific nutrients such as vitamin D, inflammatory effects, use 

of certain medication and small intestinal bacterial overgrowth may also play a role in 

the development of nutritional deficiencies [37-39]. Most common pre-operative 

deficiencies are reported for vitamin D (up to 99%), folic acid (0-63%), vitamin B12 (0-

34%) and iron (0-47%) [38, 40]. 

Post-operatively, nutritional deficiencies are dependent on the type of the bariatric 

procedure affecting nutrient intake, digestion and absorption as well as on post-surgical 

complications (e.g. nausea, vomiting), compliance to dietary and supplement 

recommendations, food intolerances and changes in taste and eating patterns [37]. 

Major areas for nutrient absorption could be bypassed, resulting in reduced absorption 

of these nutrients (Figure 2). Furthermore, digestion and absorption of nutrients could 
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be impaired by the reduced gastric capacity that is needed for initiating protein 

digestion, releasing protein-bound vitamin B12, digesting lipids, optimizing calcium and 

iron solubility, and reducing iron into its absorbable ferrous form [32]. Inadequate 

secretion of intrinsic factor from parietal cells may limit vitamin B12 absorption, and 

digestion of proteins, carbohydrates and lipids is postponed until the ingested food 

reaches the pancreatic enzymes and biliary secretions in the common channel [32]. 

Depending on the type of procedure, supplementation strategies, reference ranges and 

time after surgery, most frequent micronutrient deficiencies are reported for iron (0-

42%), vitamin B12 (0-26%), folic acid (0-22%) and vitamin D (up to 73%) [39, 41-45]. 

 

Figure 2. Absorption of nutrients in the intestinal tract  Figure 3. Consequences of deficiencies 

       (source: FitForMe) 

 

Nutritional deficiencies can present with a wide range of clinical manifestations, 

depending on the specific nutrient, the severity, and the duration of the deficiency 

(Figure 3). Thus, nutritional surveillance is essential in the management of bariatric 

patients. Optimal nutritional surveillance includes regular monitoring of micronutrient 

status and dietary intake; prior to surgery as well as long-term after surgery. In this way, 

the detection of potential nutritional deficiencies can be facilitated and patients' 

adherence to dietary and supplementation guidelines can be increased, ultimately 

contributing to improved nutritional status. 
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Dietary intake and diet quality after bariatric surgery 

Dietary counselling aimed at optimizing dietary intake and diet quality is crucial for 

improving long-term health and maintaining weight loss after bariatric surgery [46-50]. 

General dietary recommendations include prioritizing protein intake, minimizing high-

sugar and high-fat foods, eliminating sugar-sweetened beverages and alcohol, and 

increasing the consumption of fiber-rich foods [51, 52]. In the Netherlands, individuals 

who undergo bariatric surgery are advised to use an energy-restricted diet based on the 

general Dutch food-based dietary guidelines published in 2015 by the Health Council of 

the Netherlands [53]. 

Overall, a substantial decrease in energy intake is widely reported following bariatric 

surgery [48, 54-56]. However, it is unclear whether these changes are accompanied with 

changes in nutrient composition of the diet [57]. Furthermore, the decrease in energy 

intake may not only be a consequence of simply eating smaller portions of the same food 

items but also from a change in intake towards healthier, less energy-dense foods [58]. 

A qualitative improvement in the diet could compensate for the absolute decrease in 

food intake and malabsorption of nutrients. However, this goal seems difficult to achieve 

as poor diet quality is frequently reported in this population [46, 47, 50]. Accurate 

measures of dietary intake and diet quality are needed to gain more insight into changes 

in food intake following bariatric surgery in order to optimize dietary counselling of 

bariatric patients. However, validated dietary assessment tools in this specific population 

are currently lacking [59]. 

 

Nutritional supplementation after bariatric surgery 

After bariatric surgery, micronutrient intake from food alone is not sufficient to meet the 

required nutritional needs for preventing nutrient deficiencies. Therefore, lifelong daily 

use of multivitamin supplementation (MVS) containing vitamin A, vitamin B1, folic acid, 

vitamin B12, vitamin D, vitamin E, vitamin K, calcium, iron, zinc and copper is advised [40, 

60]. In most bariatric centers in the Netherlands, specialized 'weight loss surgery' 

supplements that are specifically developed for bariatric patients are recommended. The 

formulation of these supplements is often tailored to the type of bariatric procedure and 

varies between brands, but they generally contain high doses of folic acid, vitamins B12 

and D, elementary iron and zinc. Yet, their efficacy in preventing nutritional deficiencies 

as well as their superiority compared to standard over-the-counter MVS is largely 

unknown. Furthermore, adherence to lifelong MVS use appears to be a challenge within 

this patient population. As with the general adherence to medical follow-up visits after 

bariatric surgery, compliance with post-operative supplementation protocols tends to 
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decrease with time from surgery with (self-reported) compliance rates ranging between 

37-93% up to five years post-surgery [56, 61-65]. This could play an important role in the 

development of nutritional deficiencies after bariatric surgery [56, 66]. Insight into 

contributing factors is necessary in order to improve patient adherence to daily MVS use 

and to prevent poor nutritional status. 

 

Nutritional consequences during pregnancy after bariatric surgery 

After bariatric surgery, certain circumstances or life events may pose an exceptional risk 

on nutritional status. An example of such a life event is pregnancy. More than half of all 

women undergoing bariatric surgery in the Netherlands are of reproductive age [67]. For 

about a quarter of the women, future pregnancy even is the underlying motivation for 

undergoing surgery [68]. 

Weight loss following bariatric surgery not only improves fertility [69], it also reduces the 

risk of gestational diabetes, hypertensive disorders and large-for-gestational age 

neonates [70, 71]. However, pregnancy after bariatric surgery is not entirely without risk. 

The decreased intake and absorption of nutrients after surgery in combination with the 

increased demand for nutrients during pregnancy may lead to more pronounced 

nutritional deficiencies [33, 72]. Furthermore, pregnancy symptoms such as morning 

sickness or hyperemesis and abdominal complaints may worsen nutritional status over 

time [72, 73]. These risks may be most pronounced in pregnancies within the first 12 

months following surgery as this period carries the highest risk of malnutrition [71]. 

Maternal caloric restriction and subsequent weight loss during this catabolic period may 

also limit gestational weight gain. As a result, nutritional supply to the growing fetus may 

be decreased. Overall, low maternal concentrations of vitamins A, B12 and D, folic acid, 

iron, calcium and zinc are frequently reported during pregnancy after bariatric surgery 

[74-76]. Potential neonatal adverse effects that are associated with maternal deficiencies 

during pregnancy include preterm birth, fetal growth restriction, congenital 

malformations, and neurological and developmental impairment [72, 73, 75, 77].  

Consensus-based recommendations on pregnancy following bariatric surgery have 

been proposed [60, 78-80], but evidence-based guidelines regarding optimal timing of 

conception, gestational weight gain, nutritional monitoring and supplementation 

regimes are lacking. Regular or prenatal supplements are likely not sufficient to cover the 

needs of pregnant women who have undergone bariatric surgery, but research on the 

use of specialized supplementation during pregnancy is scarce [72, 81]. 
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Aim and outline of this thesis 
As outlined above, nutritional status after bariatric surgery may be compromised by 

reduced intake, digestion and absorption of nutrients. Adequate dietary intake and 

supplementation can play a vital role in achieving optimal nutritional status post-surgery. 

However, accurate measures of dietary intake and diet quality as well as validated dietary 

assessment tools for this specific patient population are limited. Furthermore, evidence-

based guidelines for micronutrient supplementation after bariatric surgery are lacking 

and the efficacy of specialized MVS is largely unknown, particularly after sleeve 

gastrectomy and during pregnancy. Besides, understanding the determinants of poor 

adherence to lifelong, daily supplement intake in this patient population is urgently 

needed. 

 

The main aim of this thesis was to gain more insight into factors affecting nutritional 

status after bariatric surgery, including dietary intake and nutritional supplementation. 

Furthermore, we have studied a specific window that may pose an exceptional risk on 

nutritional status of women who underwent bariatric surgery. 

 

The central question of this thesis is: 
 

How can we optimize nutritional status after bariatric surgery? 

 

Part A of this thesis focuses on dietary intake and diet quality after bariatric surgery. In 

Chapter 2, short-term changes in macro- and micronutrient composition and diet quality 

in the first six months following bariatric surgery are assessed. In Chapter 3, the relative 

validity and reproducibility of the Eetscore FFQ as a screener for diet quality in individuals 

undergoing bariatric surgery are evaluated.  

Part B of this thesis focuses on nutritional supplementation after bariatric surgery, 

particularly after sleeve gastrectomy. In Chapter 4, 5 and 6, a specialized MVS for sleeve 

gastrectomy patients was designed and optimized. In Chapter 7, underlying factors as 

well as potential facilitators and barriers for daily MVS use are described. The final part 

of this thesis (Part C) is dedicated to pregnancy after bariatric surgery. In Chapter 8, 

pregnancy and neonatal outcomes are evaluated by surgery-to-conception interval and 

by gestational weight gain. In Chapter 9, differences in nutritional status between users 

of specialized supplementation and standard supplementation among pregnant women 

with a history of Roux-en-Y gastric bypass or sleeve gastrectomy are described. 
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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 six months following BS. 

 

Methods: A total of 107 participants undergoing BS (RYGB: n=87, SG: n=20) 

completed 3-day food records directly before and six months after surgery. 

Changes in macronutrient (energy, carbohydrates, protein, fat and dietary fiber) 

and micronutrient (folate, vitamin B12, vitamin D, calcium and iron) intake were 

evaluated. Diet quality was assessed by adherence to the Dutch food-based 

dietary guidelines. 

 

Results: Eighty percent of the population was female with a median age of 50.0 

[39.0, 56.0] years and a median BMI of 41.3 [38.9, 45.2] kg/m2 before surgery. 

After BS, a 27% decrease in energy intake was accompanied by a significant 

decrease in absolute intake of total carbohydrates, protein, fat and fiber as well as 

of folate, vitamin B12, vitamin D and iron. Overall, nutrient composition slightly 

changed with an increase in the relative intake of total protein and mono- and 

disaccharides after BS. Consumption of vegetables, wholegrain products, liquid 

fats, red and processed meat, sodium and unhealthy food choices significantly 

decreased post-surgery. 

 

Conclusion: Our results demonstrate both favorable and unfavorable changes in 

macro- and micronutrient composition and diet quality in the first six months 

following BS. Insight into these changes can improve dietary counselling in this 

population. Future research into long-term changes is needed as dietary intake 

and eating behavior may change over time. 
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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]. Worldwide, the Roux-en-Y gastric bypass (RYGB) and sleeve 

gastrectomy (SG) are the most commonly performed bariatric procedures [4]. Despite 

their effectiveness on weight reduction and improved health-outcomes, all bariatric 

procedures alter the anatomy and physiology of the gastrointestinal 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]. Overall, 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 optimizing dietary 

intake and diet quality is crucial for improving nutritional status and long-term health 

after BS [9].  

General dietary recommendations include prioritizing protein intake, minimizing high-

sugar and high-fat foods, eliminating sugar-sweetened beverages and alcohol, and 

increasing the consumption of fiber-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 about 45-60% are reported at six months post-

surgery [14-17]. However, it is unclear whether these changes are accompanied 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 from a change of intake towards healthier, less energy-dense foods [19]. 

In addition to quantifying energy and nutrient intake, analysis of food intake from a 

qualitative point of view has therefore gained interest. A qualitative improvement in the 

diet could compensate for the absolute decrease in food intake and malabsorption of 

nutrients. However, this goal seems difficult to achieve as poor diet quality is frequently 

reported in this population [9, 20-24]. While most studies generally report a low 

consumption of protein, fiber, fruit and vegetables, and a high consumption of 

carbohydrates, sugar, and fat [21, 25-28], others did observe beneficial changes in dietary 

intake after BS, characterized by an increased intake of protein-rich foods and vegetables 

[29] and a reduced consumption of sugar-containing snacks and beverages [29, 30]. 

However, findings are inconsistent across different time points after surgery and studies 
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are mostly limited to small sample sizes. The present study aimed to evaluate short-term 

changes in macro- and micronutrient composition and diet quality in the first six months 

following BS. 

 

Methods 
Study design and participants 

This study was conducted as part of the Eetscore study, a prospective cohort study on 

dietary intake and dietary assessment methods before and after BS [31].  

Recruitment took place at Vitalys Obesity Clinic (Arnhem, the Netherlands) between 

October 2018 and September 2019. Participants were included approximately six weeks 

pre-surgery and followed up until six 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 six 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.  

This study was approved by the Local Ethical Committee of Rijnstate Hospital and 

conducted according 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 status, comorbidities, anthropometrics) were obtained from electronic 

patient records.  

Educational level was defined as low (primary education and prevocational secondary 

education), medium (senior general secondary education, pre-university education and 

secondary vocational education) or high (higher vocational education and university).  

Anthropometric measurements were performed during standard visits at the hospital. 

Body weight was measured to the nearest 0.1 kg with a digital weighing scale (Tanita BC-

420MA), after removal of heavy clothing and shoes. Height was measured in standing 

position with a wall-mounted stadiometer (Seca 206). 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%. 
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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 weekdays (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 (breakfast, morning, lunch, afternoon, dinner, evening). All participants 

received verbal instructions and were provided with a written example. They were asked 

to record all consumptions over the three 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.  

Completed 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 uncertainties.  

Dietary intake data were entered in Compl-eat™, a computer-based nutrition calculation 

program that is linked to the Dutch Food Composition Database (NEVO-online, version 

2016) [32] according to standardized 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 Composition Database were used [32]. 

 

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, monounsaturated fatty acids (MUFA) and 

polyunsaturated fatty acids (PUFA, including ALA, EPA, DHA), and dietary fiber. 

Furthermore, dietary intake of the following micronutrients was assessed: folate, vitamin 

B12, vitamin D, calcium and iron. Use of vitamin and mineral supplementation was not 

included in this study as our 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 previously 

described [33] and consists of 15 components representing the Dutch food-based 

dietary guidelines of 2015 [13]: vegetables, fruit, wholegrain products, legumes, nuts, 

dairy, fish, tea, fats and oils, coffee, red meat, processed meat, sugar-sweetened 

beverages, alcohol, and sodium [33].  
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As information on the type of coffee was not available from the food records, this 

component was not included in the analyses. The intake of cheese was included in total 

dairy intake but limited to a maximum of 40 grams per day (as set by the Netherlands 

Nutrition Centre) to account for differences in portion sizes between milk and cheese, 

and to ensure that recommended intake for dairy could only be obtained when milk or 

yoghurt products were consumed [33]. For fish, the recommendation to consume one 

portion (100 grams) of fish weekly was translated into a cut-off value of 15 grams of fish 

per day. As the recommendation favors intake of oily fish, a maximum of 4 grams per day 

for lean fish was included. This maximum was derived from the ratio of three times oily 

fish to one time lean fish (per month) as set by the Netherlands Nutrition Centre [33]. 

With regards to the sodium component, the recommended consumption of ≤2.4 grams 

of sodium daily was adjusted by 20% to compensate for the lack of data on the amount 

of added salt.  

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 [34]. Food items that contributed most to total energy, 

saturated fat and mono- and disaccharide intake according to the Dutch National Food 

Consumption Survey of 2007-2010 were included in this component, such as sweet 

spreads, pastries, chocolate, savory snacks, sauces and use of sugar in coffee or tea. 

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. [35]. 

 

Statistical analysis 

General characteristics of the study population are reported as median [Q1, Q3] for 

continuous data and as frequency (percentage) 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 mean ± standard deviation for 

normally distributed data and as median [Q1, Q3] for non-normally distributed. Changes 

in dietary intake from baseline to six months after surgery were tested with a paired t-

test (normally distributed variables) or a Wilcoxon Signed Rank test (non-normally 

distributed variables).  

All statistical analyses were performed using IBM SPSS Statistics software version 25 (IBM 

Corp., Armonk USA). A two-sided P-value below 0.05 was considered statistically 

significant.  
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Results 
Participant characteristics  

The total study population consisted of 107 participants with a median age of 50.0 [39.0, 

56.0] years (Table 1). The majority was female (79.4%), had a medium educational level 

(65.3%) and never smoked (57.9%). Half of the study population had no comorbidities 

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/m2 before surgery to 30.8 [28.5, 34.0] 

kg/m2 six months after surgery, resulting in a median TWL of 25.9 [21.1, 29.4] percent.  

 

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 level1   

  Low 17      (17.3) 

  Medium 64     (65.3) 

  High 17      (17.3) 

Smoking status   

  Never 62      (57.9) 

  Former 39      (36.4) 

  Current 6       (5.6) 

Comorbidity   

 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)2 127.0  [117.0, 134.8] 

Waist circumference after surgery (cm)3 101.0  [92.3, 110.0] 

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

Data are presented as median [Q1, Q3] and frequency (valid percentage). 

OSAS, obstructive sleep apnea syndrome; RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy; BMI, body mass index; TWL, total 

body weight loss. 
1 Low education = primary education and prevocational secondary education; medium education = senior general secondary 

education, pre-university education and secondary vocational education; high education = higher vocational education and 

university. Missing for n=9. 
2 Missing for n=11. 
3 Missing for n=27. 
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Changes in nutrient composition  

Energy intake at baseline was 1877 ± 470 kcal and decreased by 27% (-512 ± 433 kcal, 

P<0.001; Table 2). Similarly, intake of total carbohydrates, protein, fat and fiber in grams 

significantly decreased at six months post-surgery (P<0.01). Overall, nutrient 

composition of the diet slightly changed 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) 

after BS. Relative intake of total carbohydrates and fat remained similar between the two 

time points (respectively +0.2 ± 7.7 en% and -0.8 ± 7.4 en%). Micronutrient intake of 

folate, vitamin B12, vitamin D and iron significantly decreased (P<0.01), whereas the 

intake of calcium remained stable at six months post-surgery. 

 

Changes in diet quality 

Overall, consumption of vegetables, wholegrain products, liquid fats, red and processed 

meat, sodium and unhealthy food choices decreased whereas the consumption 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 six months post-

surgery. Daily consumption of vegetables and wholegrain products markedly decreased 

with 50 [-120, 6] grams and 38 [-81, -8] grams, respectively (P<0.001). 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; Figure 1). Daily consumption of liquid fats significantly decreased, 

while the consumption of solid fats remained similar (-5 [-13, 2] grams vs 0 [-2, 3] grams, 

respectively). As a result, the percentage of participants adhering to the 

recommendation decreased from 62% to 47% (P=0.03). Intake of red 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% to 73%, 

P<0.001) and red meat (77% to 87%, P=0.051) but not for processed meat (3% to 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 (+25 [-121, 231] grams; P=0.052). The percentage of 

participants with a consumption within the recommended range of 300-450 grams 

remained similar (25% to 22%), but more participants consumed over 450 grams of dairy 

per day post-surgery (29% to 45%, P=0.051). Although we also observed a slight increase 

in the consumption of nuts, median intake at six months was still extremely low and 

compliance with the recommendation did not change after BS (11% to 20%, P=0.09).  
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Discussion 
The present study aimed to evaluate short-term changes in macro- and micronutrient 

composition and diet quality in the first six months following BS. Favorable changes 

included a decrease in the consumption of unhealthy food choices, red and processed 

meat and sodium, and an increase in dairy consumption as well as in relative protein 

intake after BS. However, unfavorable changes including reduced consumption of 

vegetables and wholegrain products along with a decreased fiber and micronutrient 

intake, and an increase in the intake of mono- and disaccharides were also observed six 

months post-surgery. 

 

Overall, we found that macronutrient composition of the diet slightly changed with an 

increase in the relative intake of total protein, whereas the relative intake of total 

carbohydrates and fat remained similar after surgery. Still, only 59% of the participants 

had an adequate protein intake according to the recommended goal of ≥60 grams per 

day after BS [10, 36], which is in line with previous research [14, 16, 17, 37, 38]. Adequate 

protein intake is needed to prevent the loss of fat-free mass, hair loss, poor wound 

healing and edema [38], 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 as this was the only food group 

that showed a notable increase in daily consumption whereas consumption of most 

other food groups decreased after BS. This might also explain the fairly stable intake of 

calcium while the intake of all other micronutrients decreased post-surgery. The relative 

increase in total protein intake was accompanied by a slightly increased intake of animal-

based protein compared to plant-based protein at six months. This might also be due to 

the increase in dairy consumption as the consumption of red and processed meat as well 

as the consumption of lean meat (data not shown) decreased, which can be explained by 

a lower tolerance for meat observed after BS [9, 39, 40].  

As 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 grams per day in patients who fail to consume adequate 

amounts of protein. In the present study, additional protein supplementation was not 

routinely advised and only a few participants reported the use of artificial sources of 

protein (e.g. protein bars, powders and shakes).  
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The poor consumption of vegetables and wholegrain products observed in this study is 

in line with the findings of Schiavo et al., who also found an inadequate intake of 

vegetables and complex carbohydrates in a cohort of patients ≥4 years after SG [26]. 

Vegetable consumption in the present study was already low at baseline (146 grams) and 

further decreased at six months after surgery (87 grams), with only 13% reaching the 

recommended amount of 200 grams per day. Poor vegetable consumption is common 

within the general Dutch population with a mean consumption of 131 grams per day 

[41]. As 85% of the vegetables in the Dutch diet are consumed during dinner [42], 

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 may be explained by food intolerances to 

bread, cereals, pasta and rice [9, 39, 40, 43] as well as prioritizing protein intake over the 

consumption 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 fiber intake in the present study decreased to 14.6 ± 5.2 grams per day with only 

10% reaching the recommended intake of 14 g/1000 kcal [10] at six months post-

surgery, which is in accordance with low fiber intakes reported in previous research in the 

bariatric population [14, 28, 43-46]. Next to the general health benefits of dietary fiber, 

poor fiber intake in this population has also been linked to constipation, which is a 

common problem after BS [43, 44]. Besides increasing the consumption of vegetables 

and wholegrains, consumption of other fiber-rich foods such as (low sugar) fruits, 

legumes and nuts could also contribute to a higher fiber intake. 

 

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 [47]. However, consumption of sugar-sweetened beverages 

did not decrease in the present study, despite beneficial changes observed in previous 

research [30, 48]. 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 of Kapoor et al., deselection of high-fat and/or high-sugar foods at 

an ad libitum buffet was prevalent but not universal [49], suggesting that food 

preferences may not change favorably in all patients after BS [19, 49]. This may also 
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explain the large variation in the intake of sugar-sweetened beverages post-surgery (0-

183 grams per day).  

Reducing the intake of unhealthy food choices is not only needed for improved weight 

loss outcomes [50], consumption of high-sugar foods and drinks could also lead to 

common post-surgical gastrointestinal symptoms such as dumping syndrome [10, 11, 

27]. 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]. 

 

Overall, dietary counselling remains a key component in the bariatric surgery program, 

especially during the first months post-surgery as short term changes in dietary intake 

have been related to longer term weight outcomes. For instance, short-term reductions 

in energy intake at six months post-surgery were associated with greater weight loss over 

ten years in the Swedish Obese Subjects study [15]. This association is consistent with the 

research from Ostad et al. [45] and Nymo et al. [50], 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 in order to optimize weight outcomes. Masood and 

colleagues suggested that weight regain after BS might be less due to excessive 

consumption of food and more to a poor selection of healthy foods [51]. Indeed, multiple 

other studies found poor diet quality to be associated with weight regain in the late 

postoperative period [9, 20, 21, 50]. Overall, poor diet quality is commonly reported in 

this population [9, 20-24]. Two studies showed that diet quality of individuals who had 

previously undergone bariatric surgery was lower compared to individuals with normal 

weight [22, 24]. This highlights the importance of improving dietary habits in the first 

months 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 accordance with previous research [16, 25]. Nonetheless, 

micronutrient intake from food is highly unlikely to provide the required levels needed 

to prevent micronutrient deficiencies after BS. To illustrate, intake of iron at six months 
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post-surgery was 7.1 ± 2.3 mg, whereas daily iron requirements are estimated to be 45-

60 mg after BS [36]. For vitamin B12, the disagreement between intake and requirement 

is even more pronounced with a median intake of 3.7 [2.6-4.6] ug versus a requirement 

of 350-1000 ug vitamin B12 per day [36]. This was also demonstrated in the study of 

Gesquiere et al., 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 [52]. For these reasons, adequate 

daily vitamin and mineral supplementation is also essential to prevent nutritional 

deficiencies after BS. 

 

The main strength of this study was the focus on both nutrient composition as well as 

diet quality assessed by 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.  

Nevertheless, 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 generalizability of our 

findings. Nevertheless, the study population was still found representative of the general 

Dutch bariatric patient population [53], indicating a minor risk of selection bias. Second, 

reporting dietary intake on only three days may not have been representative of usual 

dietary intake as this is likely not sufficient to capture the daily variation in food intake. 

This could have resulted in an underestimation of foods that are not consumed on a daily 

basis. Third, underreporting of energy intake is a common bias in nutrition research, 

particularly among participants with overweight or obesity [18, 54, 55]. In a previous 

study using data of the same cohort, we estimated that 57% of the 140 participants 

potentially underreported their energy intake at baseline [31]. However, the degree of 

underreporting after BS could not be identified as most techniques largely rely on the 

condition of weight stability. Therefore, the magnitude and direction of underreporting 

as well as potential consequences for data interpretation in the present study remain 

unknown. Last, the use of a preformatted food record prevented us from gaining insight 

into other relevant aspects of eating behavior such as meal frequency and separation of 

liquid and solid foods. 

 

Conclusion 
Our results demonstrate both favorable and unfavorable changes in macro- and 

micronutrient composition and diet quality during the first six months after BS.  
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Insight into these changes may help dietitians and other healthcare practitioners to 

understand potential pitfalls in order to improve dietary counselling of their patients. 

Based on the findings of this study, increasing the consumption of plant-based protein 

sources such as legumes and nuts could improve absolute protein intake, while the 

consumption of vegetables and wholegrain products should be targeted to improve 

fiber intake. Although the consumption of unhealthy food choices decreased after 

surgery, more attention is needed to also limit the consumption of sugar-sweetened 

beverages in order to reduce sugar intake. Moreover, an overall improvement in diet 

quality could also improve micronutrient intake, although additional supplementation 

will always be necessary in order to meet the required levels for preventing micronutrient 

deficiencies after BS.  

Future research into long-term changes in dietary intake of bariatric patients is needed 

as dietary intake and eating behavior is likely to change over time.
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Abstract 
 

Objective: To determine the relative validity and reproducibility of the Eetscore 

FFQ, a short screener for assessing diet quality, in patients with (severe) obesity 

before and after bariatric surgery (BS). 

 

Methods: 140 participants with obesity who were scheduled for BS participated in 

this study. The Eetscore FFQ was evaluated against 3-day food records before (T0) 

and six months after BS (T6) by comparing index scores of the Dutch Healthy Diet 

index 2015 (DHD2015-index). Relative validity was assessed using paired t-tests, 

Kendall's tau-b correlation coefficients (τb), cross-classification by tertiles, 

weighted kappa values (kw) and Bland-Altman plots. Reproducibility of the 

Eetscore FFQ was assessed using intraclass correlation coefficients (ICC). 

 

Results: At T0, mean total DHD2015-index score derived from the Eetscore FFQ 

was 10.2 points higher than the food record-derived score (P<0.001) and showed 

an acceptable correlation (τb=0.42, 95% CI: 0.27-0.55). There was a fair agreement 

with a correct classification of 50% (kw=0.37, 95% CI: 0.25-0.49). Correlation 

coefficients of the individual DHD components varied from 0.01-0.54. Similar 

results were observed at T6 (τb=0.31, 95% CI: 0.12-0.48, correct classification of 

43.7%; kw=0.25, 95% CI: 0.11-0.40). Reproducibility of the Eetscore FFQ was 

considered good (ICC=0.78, 95% CI: 0.69-0.84). 

 

Conclusion: The Eetscore FFQ showed to be acceptably correlated with the 

DHD2015-index derived from 3-day food records, but absolute agreement 

between the methods was poor. Considering the need for dietary assessment 

methods that reduce the burden for patients, healthcare practitioners and 

researchers, the Eetscore FFQ can be used for ranking according to diet quality and 

for monitoring changes over time. 
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Introduction 

Obesity is reaching epidemic proportions and bariatric surgery (BS) is proven to be one 

of the most effective treatments, resulting in substantial and long-term weight loss and 

improvement of obesity-related comorbidities [1-3]. BS is performed in individuals with 

a Body Mass Index (BMI) above 40 kg/m2, or a BMI above ≥35 kg/m2 with obesity-related 

comorbidities such as diabetes mellitus type 2, hypertension, obstructive sleep apnea 

and dyslipidemia [4]. Worldwide, the Roux-en-Y gastric bypass (RYGB) and sleeve 

gastrectomy (SG) are the most commonly performed bariatric procedures [5].  

After BS, the amount of food that can be ingested is significantly reduced, resulting in a 

lower energy intake [6]. Additionally, food intolerances after surgery may lead to 

avoidance of food groups which in turn may impact diet quality [7]. Poor diet quality is 

consistently reported in patients with (severe) obesity, including those presenting for 

bariatric surgery [8-10]. This could impact their risk of developing nutritional deficiencies 

as well as the success of their weight loss after surgery [10-12]. Therefore, monitoring 

diet quality is an important component in the bariatric surgery program.  

Diet quality can be assessed with the Dutch Healthy Diet index 2015 (DHD2015-index) 

[13]. The DHD2015-index measures adherence to the Dutch food-based dietary 

guidelines published in 2015 by the Health Council of the Netherlands [14]. The 

DHD2015-index can be calculated using data from multiple food records, 24-hour 

dietary recalls or a single food frequency questionnaire (FFQ). Unfortunately, these 

methods are time consuming and burdensome, and therefore less likely to be used in 

everyday clinical practice. For this reason, a short screener, the Eetscore FFQ, was 

developed to estimate the DHD2015-index in time-limited situations. The Eetscore FFQ 

showed to be acceptably correlated with the DHD2015-index derived from a full-length 

FFQ in a normal-weight adult population [15]. However, the Eetscore FFQ has not been 

evaluated in patients with (severe) obesity before or after undergoing BS. Accurate 

measures of diet quality are needed to optimize nutritional care provided to these 

patients during the bariatric surgery program, but validated dietary assessment tools in 

this specific population are lacking [16].  

Therefore, this study aimed to evaluate the relative validity and reproducibility of the 

Eetscore FFQ as a screener for diet quality in patients with (severe) obesity before and six 

months after BS. 
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Methods  
Study design and participants 

Between October 2018 and September 2019, patients with obesity who were eligible and 

scheduled for BS at Vitalys Obesity Clinic, part of Rijnstate hospital (Arnhem, the 

Netherlands) were asked to participate in this prospective cohort study.  

Participants were included approximately six weeks pre-surgery (T0) and followed up 

until six months post-surgery (T6). Exclusion criteria were a non-Dutch eating pattern, 

suffering from an eating disorder, inability to fill in questionnaires or food records and a 

previous bariatric procedure other than an adjustable gastric band in medical history.  

In total, 200 participants signed the informed consent and were included in the study. 

Both before and after BS, we evaluated the Eetscore FFQ against 3-day food records (3d-

FR) as reference method by comparing index scores of the DHD2015-index derived from 

both methods. At both timepoints, demographic information was collected and 

participants were asked to complete the Eetscore FFQ, followed by the 3d-FR. At T0, the 

Eetscore FFQ was completed twice (Eetscore FFQ1, Eetscore FFQ2) with an interval of 

approximately five weeks in order to analyze reproducibility.  

 
Figure 1. Flowchart of the study population at T0 and T6. 

 

From the total study sample of 200 participants, we excluded 60 participants with no 

Eetscore FFQ and 3d-FR (n=18), a missing Eetscore FFQ (n=5) or a missing or incomplete 

3d-FR (n=37) at T0. The final study sample for data analysis at T0 consisted of 140 

participants, of whom 116 completed both Eetscore FFQ1 and Eetscore FFQ2 (Figure 1).  

Patients who signed 
informed consent

n=200 

Study population T0
n=140

Excluded: n=60
- No Eetscore FFQ and 3d-FR: n=18
- Missing Eetscore FFQ: n=5
- Missing 3d-FR: n=36
- Incomplete 3d-FR: n=1

Study population T6
n=103

Excluded: n=37
- No Eetscore FFQ and 3d-FR: n=22
- Missing Eetscore FFQ: n=4
- Missing 3d-FR: n=11

Included in reproducibility analyses: 
n=116
Excluded: n=24
- Completed only one Eetscore FFQ: 

n=24
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For the study sample at T6, we additionally excluded 37 participants with no Eetscore 

FFQ and 3d-FR (n=22), a missing Eetscore FFQ (n=4) or a missing 3d-FR (n=11) at T6, 

resulting in a final study sample of 103 participants for data analysis at T6 (Figure 1). 

This study was conducted according to the guidelines laid down in the Declaration of 

Helsinki and all procedures involving research study participants were approved by the 

Local Ethical Committee of Rijnstate Hospital. Written informed consent was obtained 

from all participants. 

 

Data collection  

Demographic information 

Socio-demographic (age, sex, educational level) and health-related information 

(anthropometrics, type of surgery, comorbidities, smoking status) were obtained from 

electronic patient records.  

Educational level was defined as low (primary education and prevocational secondary 

education), medium (senior general secondary education, pre-university education and 

secondary vocational education) or high (higher vocational education and university).  

Anthropometric measurements were performed during standard visits at the hospital. 

Body weight was measured to the nearest 0.1 kg with a digital weighing scale (Tanita BC-

420MA), after removal of heavy clothing and shoes. Height was measured in standing 

position with a wall-mounted stadiometer (Seca 206). BMI was calculated as weight (kg) 

divided by squared height (m2). Total body weight loss (TWL) at six months was 

calculated as weight loss divided by body weight before surgery, multiplied by 100%.  

Physical activity at T0 was assessed with the validated Baecke Questionnaire [17] that 

evaluates a person's habitual physical activity and separates it into three domains: work 

index, sports index and leisure index. Each domain could receive a score from 1-5 points, 

resulting in a total score ranging from 3-15. A score of 15 indicates being physically active 

at a high intensity.  

 

DHD2015-index 

The development of the DHD2015-index has been previously described [13]. The 

DHD2015-index consists of 15 components representing the Dutch food-based dietary 

guidelines of 2015 [14]: vegetables, fruit, wholegrain products, legumes, nuts, dairy, fish, 

tea, fats and oils, coffee, red meat, processed meat, sweetened beverages, alcohol, and 

sodium. Additionally, the component 'unhealthy food choices' was added based on the 

guideline of the Netherlands Nutrition Centre [18].  
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Food items that contributed most to total energy, saturated fat and mono- and 

disaccharide intake according to the Dutch National Food Consumption Survey (DNFCS) 

2007-2010 were included in this component, such as sweet spreads, pastries, chocolate, 

savory snacks, sauces and use of sugar in coffee or tea. 

 

A complete overview of the 16 components and their cut-off and threshold values is 

presented in Table 1. For every component, the score ranges from 0 (no adherence) to 

10 points (complete adherence), resulting in a total score between 0 and 160 points.  

A graphic presentation of the scoring of the different types of components can be seen 

in Supplementary Figure 1. For adequacy components (vegetables, fruit, legumes, nuts, 

fish and tea), no intake is awarded with 0 points and intakes between the cut-off and 

threshold value are scored proportionally. For moderation components (red meat, 

processed meat, sweetened beverages, alcohol, sodium and unhealthy food choices), 

intakes between the cut-off and threshold value are also scored proportionally but no 

intake is awarded with 10 points. Optimum components (dairy) have an optimal range of 

intake and ratio components (fat and oils) reflect replacement of less preferred foods 

(e.g. solid fats) by more preferred foods (e.g. liquid fats and oils). The wholegrain 

products component is scored based on two sub-components: an adequacy component 

for wholegrain consumption and a ratio component to reflect replacement of refined 

grain products by wholegrain products. The coffee component is a qualitative 

component, based on the type of coffee (filtered vs unfiltered). As information on the 

type of coffee used was not available from the food records, this component could not 

be included in the validity analyses. For this reason, total score ranged between 0 and 

150 for that part of the study. 
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The Eetscore FFQ 

The development of the Eetscore FFQ has been described in detail elsewhere [15]. Briefly, 

the Eetscore FFQ was developed to assess the DHD2015-index as a measure of 

adherence to the Dutch food-based dietary guidelines. The Eetscore FFQ assesses 

dietary intake over the previous month, based on 55 food items that account for 85% of 

energy intake from the adult population of the DNFCS 2007-2010 [19]. The six answer 

categories for questions on frequency of consumption range from 'never' to 'every day' 

for regularly consumed foods and from 'not this month' to 'more than once a week' for 

episodically consumed foods. Portion sizes are assessed in standard portions and 

commonly used household measures. Average daily intakes of food items are calculated 

by multiplying frequency of consumption by portion size in grams. The Eetscore FFQ 

directly reports index scores for all components of the DHD2015-index. 

 

Three-day food records 

A 3-day estimated food record was used as reference method. This method is considered 

acceptable for the assessment of usual dietary intake and is commonly used in dietary 

validation studies [20]. We used structured, open-ended food records containing 

predefined food groups (including the option 'others') at six food occasions (breakfast, 

lunch, dinner + three eating occasions between main meals). All participants received 

verbal instructions and were provided with a written example. They were asked to record 

all foods and beverages consumed over the three days in as much detail as possible, to 

describe the amounts consumed in units, household measures or provide weights when 

known, to report cooking methods and to include the recipes for any mixed dishes. At 

both timepoints, recorded days were randomly selected and consisted of two weekdays 

(Monday-Thursday) and one weekend day (Friday-Sunday) within a one-week period. 

Completed 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 uncertainties. Dietary intake data were entered in Compl-

eat™, a computer-based nutrition calculation program that is linked to the Dutch Food 

Composition Database (NEVO-online, version 2016) [21]. All foods and beverages from 

the food records were categorized into one of the 15 DHD components (excluding 

coffee) to calculate the scores of the DHD2015-index. In case of missing recipes for mixed 

meals such as pasta or rice dishes, standard recipes of the Dutch Food Composition 

Database (NEVO-online, version 2016) were used [21]. Food items that did not fall into 

one of the DHD components (e.g. potatoes, soups) were not included.  
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Total dietary intake of the 15 DHD components in grams were averaged over the number 

of completed days before calculating corresponding index scores. 

 

Statistical analysis 

General characteristics of the study population are reported as median [Q1-Q3] for 

continuous data and as frequency (percentage) for categorical data. Total DHD2015-

index scores and individual component scores calculated from the Eetscore FFQ and the 

3d-FR are presented as means and standard deviations. Relative validity of the Eetscore 

FFQ compared to the 3d-FR was assessed by calculating Kendall's tau-b (τb) as well as 

Spearman's rho (ρ) correlation coefficients between the DHD index scores derived from 

both methods. At T0, we used data of the Eetscore FFQ that was completed in the same 

month as the 3d-FR. Confidence intervals for the correlations were obtained using 

Fisher's z-transformation. Correlation coefficients less than 0.20 were classified as poor, 

0.20–0.49 as acceptable and ≥0.50 as good [22]. Additionally, total DHD2015-index 

scores derived from the Eetscore FFQ and the 3d-FR were categorized into tertiles. If 

≥50% of the participants were classified into the same tertile and/or ≤10% into the 

opposite tertile, this was considered a good outcome [22]. Weighted kappa coefficients 

(kw) were calculated to further evaluate the relative level of agreement: kw coefficients 

less than 0.20 indicated a poor level of agreement, 0.21-0.40 fair agreement, 0.41-0.60 

moderate agreement, 0.61-0.80 good agreement and greater than 0.80 a very good level 

of agreement [23]. Paired t-tests were used to test the mean differences in the DHD index 

scores between the two methods. Bland-Altman plots with 95% limits of agreement were 

used to visualize the differences in the total DHD2015-index score.  

We additionally explored the degree of potential misreporting of dietary intake by 

comparing reported energy intake calculated from the food records at T0 with energy 

requirements as identified by the revised Goldberg cut-off method [24]. Basal metabolic 

rate (BMR) was estimated using the Mifflin St-Jeor Equation [25] as this method provides 

the best estimation in individuals with (severe) obesity [26-28]. We used a physical 

activity level (PAL) of 1.55, reflecting a moderate active lifestyle that was in line with the 

median physical activity score resulting from the Baecke questionnaire.  

Reproducibility of the Eetscore FFQ was examined by calculating single measures 

intraclass correlation coefficients (ICC) of absolute agreement between the DHD index 

scores of both FFQs at T0, using a two-way mixed model. ICCs less than 0.50 indicated 

poor reproducibility, 0.50-0.75 moderate, 0.75-0.90 good, and greater than 0.90 

excellent reproducibility [29].  

All statistical analyses were performed using IBM SPSS Statistics 25 for Windows (IBM).
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Results 
Participant characteristics  

The study population at T0 consisted of 140 participants. The majority was female 

(79.3%), never smoked (55.0%), had a medium educational level (62.8%) and no 

comorbidities (51.4%) (Table 2). Median age was 49.0 [36.5-55.0] years and median BMI 

was 41.2 [39.0-45.6] kg/m2. Median physical activity score of the Baecke questionnaire 

was 8.4 [7.1-9.1].  

Baseline characteristics of the study population at T6 (n=103) were similar to those of the 

study population at T0 (Supplementary Table 1). The majority had undergone a RYGB 

(80.7%) and median BMI six months after surgery was 30.9 [28.5-34.3] kg/m2, resulting in 

a median TWL of 25.8 [21.1-29.3] percent. 

 
Table 2. Baseline characteristics of the study population at T0. 

 Study population at T0 (n=140) 

Sex (female) 111 (79.3) 

Age (years) 49.0 [36.5-55.0] 

BMI (kg/m²) 41.2 [39.0-45.6] 

Smoking status   

  Never 77 (55.0) 

  Former 53 (37.9) 

  Current 10 (7.1) 

Educational level1   

  Low 24 (18.6) 

  Medium 81 (62.8) 

  High 24 (18.6) 

Comorbidity   

 None 72 (51.4) 

 Diabetes Mellitus type 2 23 (16.4) 

 Dyslipidemia 25 (17.9) 

 Hypertension 43 (30.7) 

 OSAS 29 (20.7) 

Physical activity2 8.4 [7.1-9.1] 

Adjustable gastric band in history 18 (12.9) 

Data are presented as median [Q1-Q3] and frequency (valid percentage).  

BMI, body mass index; OSAS, obstructive sleep apnea syndrome.  
1 Low education = primary education and prevocational secondary education; medium education = senior general secondary 

education, pre-university education and secondary vocational education; high education = higher vocational education and 

university. Missing for n=11. 
2 Based on the Baecke questionnaire: total score ranging from 3-15. Missing for n=27. 
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Relative validity of the Eetscore FFQ compared to 3-day food records 

Average time difference between completing the Eetscore FFQ and the 3d-FR at T0 was 

5.8 ± 7.2 days. Mean total DHD2015-index score derived from the Eetscore FFQ was 10.2 

points higher than the score derived from the 3d-FR (91.8 ± 18.6 vs 81.5 ± 17.7 points, 

P<0.001; Table 3a). Visual inspection of the Bland-Altman plot additionally showed 

relatively wide limits of agreement (-21.1 and 41.5 points, Figure 2a).  

Index scores for the individual DHD components were significantly different for 

vegetables, fruit, wholegrain products, legumes, nuts, dairy, fish, tea, processed meat and 

sodium (P<0.05 for all). 

Correlation of the total DHD2015-index score was acceptable (τb=0.42, 95% CI: 0.27-

0.55) and there was a fair level of agreement between the two methods (kw=0.37, 95% 

CI: 0.25-0.49). The Eetscore FFQ correctly classified 50.0% of the participants into the 

same tertile as the 3d-FR, and 5.7% was misclassified into the opposite tertile. For the 

individual DHD components, a good correlation (≥0.50) was observed for alcohol 

(τb=0.54, 95% CI: 0.40-0.65). Poor correlations (<0.20) were observed for red meat 

(τb=0.01, 95% CI: -0.16-0.18) and legumes (τb=0.04, 95% CI: -0.13-0.20). Correlation 

coefficients of all other components ranged between 0.20 and 0.49.  

 

At T6, average time difference between completing the Eetscore FFQ and the 3d-FR was 

8.5 ± 7.4 days. Similar to T0, mean total DHD2015-index score derived from the Eetscore 

FFQ was higher than from the 3d-FR (mean difference of 17.4 points, P<0.001; Table 3b) 

with relatively wide limits of agreement (-14.6 and 49.4 points, Figure 2b).  

Index scores for the individual DHD components were significantly different for 

vegetables, fruit, wholegrain products, legumes, nuts, fish, fats and oils, processed meat, 

sweetened beverages and unhealthy food choices (P<0.05 for all).  

Correlation of the total DHD2015-index score was acceptable (τb=0.31, 95% CI: 0.12-

0.48) and there was a fair level of agreement between the two methods (kw=0.25, 95% 

CI: 0.11-0.40). The Eetscore FFQ correctly classified 43.7% of the participants into the 

same tertile as the 3d-FR, and 9.7% was misclassified into the opposite tertile. For the 

individual DHD components, a good correlation (≥0.50) was observed for tea (τb=0.53, 

95% CI: 0.36-0.66). Poor correlations (<0.20) were observed for processed meat (τb=0.06, 

95% CI: -0.14-0.25), legumes (τb=0.07, 95% CI:-0.13-0.26), sodium (τb=0.15, 95% CI:            

-0.05-0.33), red meat (τb=0.16, 95% CI: -0.04-0.34) and fats and oils (τb=0.17, 95% CI:       

-0.03-0.35). Correlations coefficients of all other components ranged between 0.20 and 

0.49. 
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Figure 2a. Bland-Altman plot of the total DHD2015-index score derived from the Eetscore FFQ and 3d-FR at T0 

(n=140). Middle line indicates the mean difference; upper and lower lines indicate limits of agreement based on 

mean difference ± 1.96×SD (10.2 ± 31.3). 

 

 

 
Figure 2b. Bland-Altman plot of the total DHD2015-index score derived from the Eetscore FFQ and 3d-FR at T6 

(n=103). Middle line indicates the mean difference; upper and lower lines indicate limits of agreement based on 

mean difference ± 1.96×SD (17.4 ± 32.0). 
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Misreporting 

According to the revised Goldberg cut-off method, 57.1% of the participants were 

classified as potential underreporters of energy intake at T0, and 58.3% of the 

participants at T6. We did not identify potential overreporters of energy intake. Excluding 

potential misreporters did not markedly affect our results regarding the relative validity 

of the Eetscore FFQ at both timepoints (Supplementary Tables 2a, 2b). 

 

Reproducibility of the Eetscore FFQ 

Average time difference between completing the first and second Eetscore FFQ at T0 was 

4.8 ± 2.3 weeks. Mean total DHD2015-index score was 100.4 ± 19.1 points for Eetscore 

FFQ1 and 103.3 ± 18.3 points for Eetscore FFQ2 (Table 4) with an ICC of 0.78 (95% CI: 

0.69-0.84).  

Index scores of the individual DHD components were fairly similar for most components, 

with ICCs ranging from 0.26-0.78. Good reproducibility (ICC 0.75-0.90) was observed for 

fruit (ICC=0.76, 95% CI: 0.67-0.83), fish (ICC=0.76, 95% CI: 0.68-0.83) and coffee 

(ICC=0.78, 95% CI: 0.70-0.84). Poor reproducibility (ICC <0.50) was observed for dairy 

(ICC=0.26, 95% CI: 0.08-0.42), red meat (ICC=0.29, 95% CI: 0.11-0.44), processed meat 

(ICC=0.43, 95% CI: 0.27-0.57), fats and oils (ICC=0.46, 95% CI: 0.30-0.59) and sweetened 

beverages (ICC=0.46, 95% CI: 0.30-0.59). ICCs of all other components ranged between 

0.50 and 0.75 (Table 4). 
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Discussion 
In this study, we determined the relative validity and reproducibility of the Eetscore FFQ 

as a screener for diet quality in patients with (severe) obesity before and after BS by 

comparing index scores of the DHD2015-index derived from the Eetscore FFQ to the 

scores derived from 3d-FR (reference method). We demonstrated an overall reasonable 

relative agreement between the two methods, although the Eetscore FFQ showed higher 

index scores in comparison with the 3-FR and absolute agreement between the two 

methods was poor. Correlation coefficients for the DHD component scores varied widely 

with best coefficients observed for fruit and tea, and worst for legumes and red meat. 

Reproducibility of the Eetscore FFQ was considered good. 

 

We observed lower correlations for the total DHD2015-index score based on 15 

components (excluding coffee) between the Eetscore FFQ and 3d-FR than reported in 

the study of de Rijk et al., who compared the Eetscore FFQ to a full-length FFQ [15]. They 

reported a Kendall's tau-b coefficient of 0.51 (95% CI: 0.47-0.55) for the total DHD2015-

index score based on 13 DHD components (excluding fish, fats and oils, and coffee). This 

could be explained by a difference in the number of DHD components included in the 

total score as well as by a difference in reference method. The Eetscore FFQ is an FFQ; 

therefore more correlated errors might be expected with a full-length FFQ, resulting in 

higher correlations. Yet, a full-length FFQ might capture habitual dietary intake more 

accurately than 3d-FR. Although all days of the week were equally represented across all 

records, foods that are not consumed on a daily basis, e.g. fish or legumes, could have 

been underestimated when recording only three days. This is also reflected in relative 

large absolute differences for these components. It has been suggested that when 

dietary methods assessing habitual dietary intake, such as the Eetscore FFQ, are validated 

against food records, a certain degree of disagreement can be expected due to the 

greater within-subject variations that occur over the shorter reference period of a food 

record [20]. In a study of Papadaki et al., a Pearson's correlation coefficient of 0.52 was 

observed comparing the English version of the 'Mediterranean Diet Adherence Screener' 

to 3d-FR in patients with high cardiovascular risk in the UK [30]. Schröder et al. found a 

Pearson's correlation coefficient of 0.61 when they compared the 'Diet Quality Index' 

derived from the 'Short Diet Quality Screener' to ten 24-h dietary recalls in a Spanish 

population [31]. In the same study, they also observed a correlation of 0.40 for the 

'Modified Mediterranean Diet Score' derived from the 'Brief Mediterranean Diet 

Screener' compared with the score derived from ten 24-h dietary recalls [31]. These 
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values are comparable to the Spearman's Rho correlations observed in the current study 

(ρ=0.60, 95% CI: 0.47-0.70 at T0 and ρ=0.44, 95% CI: 0.26-0.59 at T6). 

In contrast to the findings on relative agreement, absolute agreement between the 

Eetscore FFQ and the 3d-FR was poor. According to the Bland-Altman plots, the Eetscore 

FFQ systematically overestimated the total DHD2015-index score compared to the 3d-

FR at both time points with relatively wide limits of agreement. However, no significant 

proportional bias was observed. This is in line with other studies that also found higher 

mean index scores derived from a diet screener in comparison with food records [15, 30-

32]. As most FFQ's, the Eetscore FFQ can be considered more appropriate for ranking 

patients according to their diet quality or monitoring relative differences over time, 

rather than assessing absolute individual scores. It is however important to note that a 

food record is also no golden reference method and has its own limitations with regard 

to assessing dietary intake. Furthermore, we evaluated the intake of food groups instead 

of nutrients which is more difficult because of the high day-to-day variation. This may 

have impacted our findings with respect to the poor absolute agreement between the 

two methods. 

 

With regard to the individual DHD components, correlations varied widely with highest 

values found for fruit and tea, and lowest values for legumes and red meat.  

For legumes, we observed many participants with an extreme difference of 10 points 

between the index score derived from the Eetscore FFQ compared to the food record-

derived score, meaning that these participants had a score of 10 for legumes according 

to the Eetscore FFQ, whereas their score was 0 based on the food records. This resulted 

in large mean differences for this component (4.9 ± 5.1 points at T0 and 4.1 ± 5.4 points 

at T6, P<0.001). This could be due to the fact that food records might not accurately 

capture habitual dietary intake, especially for foods that are not consumed on a daily 

basis such as legumes, as mentioned earlier. This is in accordance with an Australian 

study (age ≥ 70) validating a six-item dietary screener against three 24-h dietary recalls, 

that also observed a poor agreement for legume intake (kw=0.12) [33].  

For red meat, we observed poor correlations of <0.20 at both timepoints, whereas mean 

index scores for this component were fairly similar between the two methods (8.7 vs 8.9 

points at T0 and 9.5 vs 9.2 points at T6, P>0.05). This might be explained by a low variation 

in the index scores for red meat. Over half of the participants scored 10 points based on 

the Eetscore FFQ as well as the 3-day food records. As a result, the few observations with 

(relatively) large differences in index score could have biased the correlation towards 

zero. 
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We also aimed to define participants who substantially under- or overreported their 

dietary intake by using the revised Goldberg cut-off method in which energy intake is 

compared with (estimated) energy expenditure. However, adequately estimating energy 

expenditure in subjects with (severe) obesity is challenging. In a study of Cancello et al. 

[26], predictive equations for resting energy expenditure were compared to indirect 

calorimetry in 4,247 subjects with obesity (69% women, mean age 48 ± 19 years, mean 

BMI 44 ± 7 kg/m2). The authors found that the Mifflin-St Jeor equation had the highest 

performance for both accuracy and bias but emphasize that the accuracy was still far 

from ideal [26]. Furthermore, the revised Goldberg cut-off method cannot be applied 

after BS as the condition of weight stability is violated, resulting in an invalid ratio 

between reported energy intake and energy requirement. We therefore assumed that 

participants who were identified as potential misreporters of dietary intake at T0, also 

misreported their intake at T6. At both time points, the percentage of potential 

misreporters was relatively high with 57.1% of the study population potentially 

underreporting their dietary intake at T0, and 58.3% at T6. According to a review of 

Poslusna et al., the percentage of underreporters in studies using estimated food records 

ranged from 12 to 44% [34], which is lower than the observed percentages in the present 

study. This is in line with previous research showing that a higher BMI is associated with 

underreporting of dietary intake [35].  

Overall, excluding potential misreporters did not markedly affect our results although 

caution is needed in this interpretation because of the aforementioned limitations in the 

use of the Goldberg cut-off method within this population. 

 

Reproducibility of the Eetscore FFQ before surgery was considered good. Yet, the 

observed ICC of 0.78 was slightly lower than reported in previous research by de Rijk et 

al., who found an ICC of 0.91 for the total DHD2015-index score [15]. This could be due 

to a difference in study population as well as to the multidisciplinary lifestyle program 

that all participants started before undergoing BS. During this program, patients received 

general information on healthy eating behavior and dietary counseling. For most 

participants, the first Eetscore FFQ was administered before entering the 

multidisciplinary program while they completed the second Eetscore FFQ during the 

program. It is therefore plausible that participants already implemented beneficial 

changes with respect to their diet. This might explain the slightly higher DHD2015-index 

score resulting from the second Eetscore FFQ. Future studies are needed to confirm our 

findings while limiting the influence of such external factors.  
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For the individual DHD components, most correlation coefficients ranged between 0.5 

and 0.7 which are common in reproducibility studies of FFQs [20]. 

 

Dietary assessment is an important component in the bariatric surgery program. 

Currently, dietary intake of patients undergoing BS is often assessed by a dietitian with 

the use of food records. This assessment method is very time-consuming, might be 

prone to reactivity and recall bias and only reflects the intake of the past days. The 

Eetscore FFQ is a short, web-based tool that can be used to assess general aspects of a 

healthy nutrient-dense diet such as the consumption of fruits and vegetables, 

wholegrains and dairy. However, the Eetscore FFQ does not include additional 

information on patients' eating behavior including the distribution of food intake (e.g. 

few large meals or frequent smaller feedings) and the separation of food and beverages. 

Also, other factors affecting dietary intake may be missed by the Eetscore FFQ, such as 

food preparation methods and non-included food items (e.g. plant-based dairy, meat 

substitutes and fast-food). The Eetscore FFQ can therefore be used as an additional 

dietary assessment tool in the bariatric surgery program rather than as a replacement for 

the current methodology.  

Considering the need for dietary assessment methods that reduce the burden for 

patients, healthcare practitioners and researchers, the Eetscore FFQ can be used for 

ranking patients according to diet quality and for monitoring relative changes in intake 

over time in order to indicate an improvement or a deterioration in diet quality. This can 

be relevant before undergoing surgery, during annual follow-up in the late post-

operative phase or in case of weight regain. Dietary assessment methods assessing 

actual intake may be preferred in the early post-operative phase when patients are still 

adapting to the new eating habits and in case of food-related complaints such as 

dumping syndrome or hypoglycemia.  

 

The main strength of this study is the validation of an existing dietary assessment tool in 

patients with (severe) obesity before and after BS as there is a clear lack of validated, easy 

to use tools within this patient population. Another strength is the use of multiple 

statistical tests to provide a comprehensive insight into various facets of validity. As 

Kendall's tau-b correlation coefficients tend to be smaller, we also reported Spearman's 

Rho correlations to allow for comparison with other research. Furthermore, by choosing 

3-day food records as reference method, we minimized the risk of correlated 

measurement errors between the two methods [20].  
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We aimed to determine relative validity of the Eetscore FFQ both before and after BS but 

37 participants dropped out between T0 and T6, resulting in two different study 

populations. We are aware that the study population at T0 and T6 are therefore not 

mutually exclusive and direct comparisons between the populations cannot be made. 

Nonetheless, both populations as well as the drop-outs were similar with respect to sex, 

age, BMI, smoking status, education, physical activity, prevalence of comorbidities and 

type of surgery. Moreover, both the study population at T0 and T6 were found 

representative of the general Dutch bariatric patient population [36], indicating a minor 

risk of selection bias.  

Another limitation is the lack of a golden standard reference method for dietary intake. 

To reduce participant burden, we chose for 3-day food records using household 

measures, which are prone to report bias and are not ideal for foods that are not 

consumed daily. For future research, we suggest to evaluate the Eetscore FFQ against 

dietary biomarkers that are suitable for patients after bariatric surgery to provide an 

objective measure of dietary intake. 

 

Conclusion 
The Eetscore FFQ is a short screener for diet quality that assesses adherence to the Dutch 

food-based dietary guidelines. Based on our findings, the Eetscore FFQ was considered 

an acceptable screener for ranking individuals according to their diet quality and showed 

good reproducibility to monitor relative changes in diet quality over time. However, the 

tool showed poor absolute agreement and is not suitable for assessing diet quality on 

the individual level. Future research is needed to improve the use of the Eetscore FFQ for 

this purpose. 
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Supplementary Figure 1. Graphic presentation of the scoring system for the different types of components: 

adequacy component (A), moderation component (B), optimum component (C) and ratio component. Adapted 

from Looman et al. [13]. 

 
Supplementary Table 1. Baseline characteristics of the study population at T6. 

 Study population at T6 (n=103) 

Sex (female) 81 (78.6) 

Age (years ) 50.0 [41.0-56.0] 

BMI (kg/m²) 41.6 [39.3-45.0] 

Smoking status   

  Never 61 (59.2) 

  Former 37 (35.9) 

  Current 5 (4.9) 

Educational level1   

  Low 16 (17.0) 

  Medium 61 (64.9) 

  High 17 (18.1) 

Comorbidity   

 None 52 (50.5) 

 Diabetes Mellitus type 2 18 (17.5) 

 Dyslipidemia 21 (20.4) 

 Hypertension 33 (32.0) 

 OSAS 18 (17.5) 

Physical activity2 8.4 [7.1-8.9] 

Adjustable gastric band in history 15 (14.6) 

Data are presented as median [Q1-Q3] and frequency (valid percentage).  

BMI, body mass index; OSAS, obstructive sleep apnea syndrome.  
1 Low education = primary education and prevocational secondary education; medium education = senior general secondary 

education, pre-university education and secondary vocational education; high education = higher vocational education and 

university. Missing for n=9. 
2 Based on Baecke questionnaire; total score ranging from 3-15. Missing for n=21. 
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Abstract 

Background: Since a few years, the laparoscopic sleeve gastrectomy (SG) has 

become the most performed bariatric operation worldwide. However, as with all 

bariatric procedures, SG also leads to vitamin and mineral deficiencies post-

operatively and standard multivitamin supplements are probably not sufficient. 

The present study evaluates the effectiveness of a specialized multivitamin 

supplement for SG patients (WLS Optimum 1.0, FitForMe), compared to a standard 

multivitamin supplement (sMVS). 

 

Methods: A double-blind randomized controlled trial was performed. For 12 

months, patients in the intervention group received WLS Optimum, containing 

elevated doses of multiple vitamins and minerals. Patients in the control group 

were provided with sMVS, containing 100% of the recommended dietary 

allowance. 

 

Results: In total, 139 patients were available for analysis (WLS Optimum; n=69, 

sMVS; n=70). Intention-to-treat analysis revealed more folic acid deficiencies and 

higher serum vitamin B1 levels in the WLS Optimum group. Per protocol analysis 

showed that in patients using WLS Optimum, serum folic acid and vitamin B1 levels 

were higher, serum PTH levels were lower, and only one patient (2.6%) was anemic 

compared to eleven patients (17.5%) using a sMVS (P<0.05 for all). No differences 

were found in prevalence of deficiencies for iron, vitamin B12, vitamin D and other 

micronutrients. 

 

Conclusion: This optimized multivitamin supplement only affected serum levels of 

folic acid, PTH and vitamin B1, and anemia rates compared to a sMVS. There is a 

clear need to further optimize multivitamin supplementation for SG patients. 

Besides, non-compliance with multivitamin supplements remains an important 

issue that should be dealt with. 
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Introduction 

Originally designed as the first step of a biliopancreatic diversion with duodenal switch, 

the sleeve gastrectomy (SG) was technically improved and implemented as a standalone 

procedure [1]. Since a few years, the laparoscopic SG has become the most performed 

bariatric operation worldwide [2]. It is considered to be an easy, quick and safe procedure 

[3] that provides significant weight loss and improvement of obesity-related 

comorbidities by reducing dietary intake and hormonal changes [3, 4]. 

Perhaps one of the reasons why the Roux-en-Y gastric bypass (RYGB) is no longer the 

preferred procedure for many surgeons, is because it is associated with vitamin and 

mineral deficiencies and lifelong use of supplements [5, 6]. Since the anatomy of the 

intestinal tract remains unaltered when performing a SG, the risk of developing 

deficiencies is theoretically considered lower [7]. Some authors even state that a SG has 

minimal impact on micronutrient status [3] and taking multivitamin supplements (MVS) 

for more than three months postoperatively is unnecessary [8]. However, short and 

midterm studies found that in SG patients, deficiencies are as common as in RYGB 

patients [9-12]. Especially deficiencies for iron, folic acid, vitamin B12 and vitamin D are 

frequently reported [7, 13-17]. Standard MVS are probably not sufficient to prevent 

nutritional deficiencies after SG. However, specific MVS that contain higher doses of 

vitamins and minerals were not available at the time of this study. Based on literature and 

studies performed in our hospital, a customized MVS for SG patients was developed 

(WLS Optimum 1.0, FitForMe, Rotterdam, the Netherlands). The present study evaluates 

the effectiveness of this SG-specific MVS compared to a standard MVS in a double-blind 

randomized controlled trial. 

 

Methods 
Study design 

The present study was a double-blind randomized controlled trial. All patients who 

underwent a primary laparoscopic SG operation at Rijnstate Hospital Arnhem (RHA; 

>1200 bariatric procedures per year) between November 2011 and October 2014 were 

eligible for the study. Exclusion criteria were a secondary SG, creatinine >150 µmol/L, 

liver enzymes >2 times the upper limit, concomitant diseases (e.g. gastrointestinal 

diseases), psychiatric illness, use of drugs that affect bone metabolism and known 

pregnancy. The study was approved by the Medical Ethics Review Committee of the 

Radboud University Medical Centre and the Local Ethical Committee of RHA, and was 

conducted in concordance with the principles of the Declaration of Helsinki.  
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The study protocol was registered at the clinical trials registry of the National Institutes 

of Health (ClinicalTrials.gov; identifier NCT01609387). Included patients were 

randomized into two groups: the intervention group received the customized MVS for 

SG patients (WLS Optimum) and the control group received a standard MVS (sMVS).  

 

Surgical procedure  

A standardized operating technique was performed by three experienced bariatric 

surgeons (>500 procedures each). First, the greater omentum was dissected from the 

greater curvature of the stomach using Enseal® (Ethicon, Somerville USA). Then, the 

stomach and angle of His were mobilized, using a posterior approach. This was 

completed by dissection of the anterior part of the angle of His and small gastric vessels. 

Next, transection of the stomach was performed using lengthwise stapling along a 40 

French calibration bougie positioned along the lesser curvature, starting four cm 

proximal of the pylorus until the cardia (Echelon FlexTM Powered Plus Stapler, Ethicon, 

Somerville USA). A bougie size of 40 Fr is associated with a significant lower leak rate and 

similar weight loss results compared to smaller bougie sizes [18, 19]. The remnant of the 

stomach was retrieved through an enlarged port incision in the left flank. This port was 

closed with Vicryl (Ethicon, Somerville USA) using a suture retriever. Finally, the skin was 

closed with staples. 

 

Intervention and Control 

WLS Optimum version 1.0 is a customized MVS for SG patients and contains high doses 

of multiple vitamins and minerals (Table 1). A sMVS, similar to a regular, over-the-

counter MVS, served as a control and contained most micronutrients in a dose equivalent 

to 100% of the RDA. To prevent bias, both supplements had the exact same raw base 

compounds and cherry flavor, and were similar in color and size (Figure 1). Both 

supplements were dosed as one capsule per day.  

 

Figure 1. Capsules + content of the standard multivitamin supplement (left) and WLS Optimum (right). 
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Additional medication 

All patients received fraxiparin (nadroparin, 0.6 mg/5700 IU daily) for six weeks and 

proton-pump inhibitors (omeprazole, 20 mg daily) for six months, as part of the standard 

postoperative protocol. All patients were additionally prescribed calcium/cholecalciferol 

(500 mg/800 IE) supplementation two times a day. 

 
Table 1. Composition of the intervention and control supplement. 

 sMVS WLS Optimum 

Micronutrients Dose RDA (%) Dose RDA (%) 

Vitamins     
   Vitamin A, mg 0.60 75.0 1.00 125.0 
   Vitamin B1, mg 1.10 99.7 2.00 182.0 
   Vitamin B2, mg 1.40 100.0 2.00 143.0 
   Vitamin B3, mg 16.00 100.0 25.00 156.0 
   Vitamin B5, mg 6.00 100.0 9.00 150.0 
   Vitamin B6, mg 1.40 100.2 2.00 143.0 
   Biotin, µg 25.00 50.0 150.00 300.0 
   Folic acid, µg 200.00 100.0 300.00 150.0 
   Vitamin B12, µg 2.50 100.0 10.00 400.0 
   Vitamin C, mg 80.00 100.0 100.00 125.0 
   Vitamin D, µg 4.00 80.0 7.50 150.0 
   Vitamin E, mg 10.00 83.4 12.00 100.0 
   Vitamin K1, µg 25.00 33.3 90.00 120.0 
Minerals     
   Chrome, µg 40.00 100.0 40.00 100.0 
   Iron, mg 14.00 100.0 21.00 150.0 
   Iodine, µg 153.70 102.5 150.00 100.0 
   Copper, mg 1.00 100.0 1.00 100.0 
   Chloride, mg 0.14 0.0 0.00 0.0 
   Magnesium, mg 30.00 8.0 30.00 8.0 
   Calcium, mg 91.43 11.4 0.00 0.0 
   Manganese, mg 2.00 100.1 3.00 150.0 
   Molybdenum, µg 50.00 100.0 50.00 100.0 
   Selenium, µg 55.00 100.0 55.00 100.0 
   Zinc, mg 10.00 100.0 15.00 150.0 

sMVS, standard multivitamin supplement; RDA, recommended daily allowance. 

 

Randomization and blinding 

The allocation sequence was computer generated, using a variable block schedule. 

Besides an independent pharmacist, no one had access to the randomization list to 

ensure allocation concealment. All supplements were packaged in nonmarked blisters 

with the same expiration date, each containing twelve capsules. The blisters were 

packaged in a nonmarked sealed box, and numbered according to the randomization 

list. After the last visit of the last study patient, the unblinded randomization list was 

available to the research team. No earlier unblinding occurred.  
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Data collection, follow-up and outcome 

Standard laboratory blood tests were performed at baseline (T0), and six (T6) and twelve 

months (T12) after surgery. These included: hemoglobin, mean corpuscular volume 

(MCV), iron, ferritin, folic acid, vitamin B12, vitamin D, parathyroid hormone (PTH), 

calcium, magnesium, phosphate, albumin, vitamin B1 and B6, and zinc. Calcium levels 

were corrected for albumin using the following equation: Cacorr = total calcium - (0.025 x 

albumin) + 1. Iron deficiency was the primary outcome measure. Secondary outcome 

measures included vitamin D and vitamin B12 deficiencies developed during the first 

twelve months after SG (reference values in tables).  

Excess body weight loss (EWL) was calculated as [weight loss/excess weight based on 

ideal body weight at BMI 25 kg/m2 x 100%]. Total body weight loss (TWL) was calculated 

as [weight loss/initial weight x 100%]. 

 

Correction of deficiencies 

Preoperative vitamin B12 and vitamin D deficiencies were treated with predefined 

medication. If a deficiency occurred after surgery, it was recorded for the purpose of this 

study where after the deficiency was treated according to local protocol. After additional 

supplementation, subsequent data of the corresponding micronutrient were excluded 

to prevent biased estimates. Moreover, follow up measurements of patients who were 

pregnant at T6 and/or T12 were excluded from the analyses. 

 

Sample size calculation and statistical analysis 

Sample size calculation was performed using Openepi.com [20]. To detect a 25% 

reduction of iron deficiency at twelve months after surgery, with 95% sensitivity and a 

power of 90%, a minimum of 56 patients per group was required. Taking into account a 

10% dropout rate and 15% of cases excluded because of iron deficiency diagnosed and 

treated at six months, this resulted in 75 patients per group.  

An intention-to-treat analysis was used as the primary analysis. Additionally, a per 

protocol analysis was performed. Differences between groups at baseline, T6 and T12 

were calculated using independent samples t-tests for continuous data and Chi-Square 

tests for categorical data (or Fisher's Exact test when >20% of expected counts were <5). 

Linear Mixed Models were used to assess if serum levels changed differently over time 

between the groups. Log transformations were performed to normalize the following 

data: serum levels of ferritin, PTH, vitamin B1 and vitamin B6.  

All statistical analyses were performed using IBM SPSS Statistics 25 for Windows (IBM 

Corp., Armonk USA). 
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Results 
Eleven patients were excluded from analysis because they underwent a RYGB (n=1), were 

pregnant during follow-up (n=1) or did not complete any of the follow-up 

measurements (n=9).  

In total, 139 patients were available for analysis: 69 patients receiving WLS Optimum and 

70 patients receiving sMVS. Both groups were similar at baseline with respect to age, 

gender, weight and BMI (Table 2). The groups differed on the prevalence of dyslipidemia, 

which was three times higher in the sMVS group compared to the WLS Optimum group 

(14.3% vs 4.3%, P=0.047). In six patients (three in each group), a gastric band had to be 

removed before conversion to SG. 

 
Table 2. Baseline characteristics of the study population. 

 WLS Optimum (n=69) sMVS (n=70) 

Age (years) 38.2 ± 12.4 39.7 ± 10.8 

Gender (female) 51 (79.9) 54 (77.1) 

Body weight before surgery (kg) 141.3 ± 26.1 140.4 ± 31.2 

BMI before surgery (kg/m2) 47.6 ± 9.0 48.4 ± 9.9 

Adjustable gastric band in history 3 (4.3) 3 (4.3) 

Comorbidities     

 T2DM 9 (13.0) 7 (10.0) 

 Hypertension 15 (21.7) 19 (27.1) 

 Dyslipidemia 3 (4.3) 10 (14.3)* 

 OSAS 7 (10.1) 7 (10.0) 
Data are presented as mean ± standard deviation and frequency (percentage). 

sMVS, standard multivitamin supplement; BMI, body mass index; T2DM, type 2 diabetes mellitus; OSAS, obstructive sleep apnea 

syndrome. 

*P<0.05. 

 

Weight loss 

The degree of weight loss after twelve months was similar in both groups. Mean BMI at 

T12 was 32.7 kg/m2 in the WLS Optimum group and 33.8 kg/m2 in the sMVS group. 

Furthermore, patients using WLS Optimum showed 70.5 ± 22.7 %EWL and 31.3 ± 8.6 

%TWL compared to 68.5 ± 23.2 %EWL and 30.5 ± 8.4 %TWL for patients using sMVS 

(P>0.05 for all). 

 

Pre-operative deficiencies 

The number of pre-operative deficiencies as well as mean serum levels at baseline were 

comparable between the groups (Table 3, 4 and 5). Pre-operative deficiencies for vitamin 

D (76.1%), phosphate (34.1%) and albumin (12.2%) were most prevalent. 
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Post-operative deficiencies  

Mean serum levels and prevalence of deficiencies regarding hemoglobin metabolism, 

calcium and vitamin D metabolism, and vitamin B1, B6 and zinc can be found in Table 3, 

4 and 5. 

At T6, mean serum vitamin B1 concentrations were significantly higher in patients using 

WLS Optimum compared to sMVS users (148.0 ± 27.6 nmol/L vs 134.8 ± 24.8 nmol/L, 

P=0.01). Mean serum concentrations of all other parameters were comparable between 

the groups at T6 and T12. 

During the study, significantly more patients in the WLS Optimum group were deficient 

for folic acid compared to the sMVS group (10 patients, 14.5% versus 2 patients, 2.9%; 

P=0.02). No differences were found in the prevalence of anemia, and deficiencies for iron, 

vitamin B12, vitamin D and other micronutrients.  

Elevated serum vitamin B1 and B6 levels were found in 11 (18.0%) and 20 patients (32.8%) 

using WLS Optimum, and 5 (7.9%) and 13 patients (20.6%) using sMVS (P>0.05). For PTH, 

elevated serum levels tended to be more frequent in the sMVS group (11 patients, 15.7%) 

compared to the WLS Optimum group (4 patients, 5.8%), but this difference was not 

statistically significant (P=0.06). 

 

Compliance 

Of the 69 patients in the intervention group, only 44 patients (63.8%) reported to use the 

WLS Optimum supplement after six months. This number decreased to 38 patients 

(55.1%) after 12 months. The main reported reason for discontinuation was nausea. Most 

patients switched to an over-the-counter MVS. Others did not tolerate any MVS and 

therefore stopped using multivitamin supplementation. Based on self-reported 

compliance, the total group of patients was re-divided into WLS Optimum users and 

sMVS-users. Results are shown in Table 6.  

At T6 and T12, mean serum folic acid concentrations were significantly higher in patients 

using WLS Optimum compared to patients using a sMVS (T6: 24.1 ± 8.7 mmol/L vs 20.2 

± 7.0 mmol/L, T12: 24.4 ± 10.3 mmol/L vs 19.6 ± 6.6 mmol/L, P<0.05 for both). Mean 

serum vitamin B1 concentrations were still higher at T6 for WLS Optimum users than 

sMVS users (150.2 ± 27.6 nmol/L vs 137.9 ± 23.3, P=0.03). At 12 months, mean serum 

PTH levels were significantly lower in the group using WLS Optimum compared to the 

group using a sMVS (3.2 ± 1.7 pmol/L vs 4.0 ± 2.1 pmol/L, P=0.03). 

During the study, only one patient (2.6%) using WLS Optimum was anemic compared to 

eleven of the patients (17.5%) using a sMVS (P=0.03). No significant differences were 

found for other micronutrients. 
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Discussion 
The present study demonstrated that the specialized multivitamin supplement WLS 

Optimum 1.0 had no clear advantages over standard multivitamin supplementation as it 

was not associated with fewer micronutrient deficiencies after SG. Therefore, the content 

of this first version of WLS Optimum should be further optimized. More importantly, the 

present study illustrates that nutritional deficiencies are highly prevalent after SG, despite 

the anatomy of the intestinal tract remaining unaltered. There are several factors that put 

patients at risk for developing nutritional deficiencies after SG, including reduced food 

intake, decreased hydrochloric acid and intrinsic factor secretion, vomiting, poor food 

choices and food intolerances [7, 21]. Yet, some believe that SG has minimal impact on 

nutrient status [3] and that maintenance of MVS more than three months postoperatively 

seems to be of no benefit [8]. According to Ruiz-Tovar et al., once a patient is able to eat 

all kinds of food, additional vitamin and mineral supplementation can be discontinued 

[8]. In the present study, about three-quarters of the patients showed at least one 

micronutrient deficiency during the first year after SG, despite the use of multivitamin 

supplements. In view of our findings, a specialized multivitamin supplement for SG 

patients should at least contain higher doses of elementary iron, vitamin B12, vitamin D, 

vitamin B1 and zinc to prevent nutritional deficiencies post-operatively. 

 

In total, 17 patients (12%) were anemic during the study. Additionally, three patients (2%) 

had iron deficiency anemia. This is in line with the prospective cohort study of Hakeam 

et al., who also found a low prevalence of iron deficiency anemia (1.6%) one year after SG 

[22]. In contrast, Abdulrahman and colleagues reported that 36% of their patients 

developed iron deficiency anemia [23]. However, this study likely used serum iron 

concentrations to define iron deficiency anemia as they did not report on ferritin levels. 

Post-bariatric anemia is in most cases due to iron deficiency, along with vitamin B12 

deficiency as a secondary cause [5]. We observed iron deficiency, expressed as low serum 

ferritin levels, in seven patients (5%). After surgery, reduced secretion of HCl, use of 

proton-pump inhibitors (PPI) and faster gastric emptying may limit absorption [13, 14, 

21, 24]. Besides low absorption, reduced oral intake and intolerances to iron rich foods 

such as red meat might also be a cause of iron deficiency post-SG [14, 21]. The dose of 

21 mg elementary iron in WLS Optimum should be increased to prevent iron deficiencies 

after SG. Yet, considering the low number of deficiencies observed in the present study, 

the recommendation of 45-60 mg for supplementation according to the guidelines of 

The American Society for Metabolic & Bariatric Surgery (ASMBS) [25] is probably 

overestimated and increasing the dose of iron to 28 mg might already be sufficient. 
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Occurrence of vitamin B12 deficiency after SG is mainly due to the reduction of HCl and 

intrinsic factor as a consequence of the surgical procedure, which is even more 

pronounced with PPI intake [14, 26]. In the present study, a marked decrease in mean 

serum vitamin B12 concentrations over the first year post-operatively was found in both 

groups, indicating that the dose of 10 μg vitamin B12 in the WLS Optimum supplement 

was insufficient. In the study of Al-Mutawa and colleagues, patients were prescribed 

additional B-complex tablets for 1-3 months, including 200 μg vitamin B12 (next to 100 

mg vitamin B1 and 200 mg vitamin B6) [14]. This high dose of vitamin B12 (8400% RDA) 

significantly improved serum vitamin B12 concentrations during the early post-operative 

period in comparison to baseline. Thereafter, patients continued with a daily 

multivitamin supplement that provided only 1 μg (42% RDA) of vitamin B12, which was 

insufficient to prevent deficiencies [14]. These findings indicate that SG-specific MVS do 

not need to contain more than 200 μg of vitamin B12 to prevent deficiencies. This is not 

in line with the ASMBS recommendation of 350-500 μg per day [25]. This is probably 

because they do not make a distinction between the different types of procedures. 

 

Vitamin D deficiency was the most prevalent micronutrient deficiency at baseline (76%). 

During the study, 10% of the patients was deficient. This is not in line with other studies, 

reporting between 16-89% of patients being deficient [7, 27, 28]. Next to 

supplementation and monitoring post-surgery, the improvement in vitamin D status is 

probably due to our preoperative supplementation protocol. According to the 

systematic review of Dix et al., only three of the seventeen included studies used 

additional supplementation to improve vitamin D status before SG [27]. Prevalence rates 

of post-operative vitamin D deficiencies in studies using a preoperative treatment 

protocol ranged from 14% to 36% [9, 15, 17, 29], being closer to our observation. 

Calcium and magnesium deficiencies were rare during the first year post-SG, but low 

levels of phosphate were found more frequently. Hypophosphatemia is usually due to 

vitamin D deficiency [30]. However, because of the low prevalence of vitamin D 

deficiencies, we could not confirm this in the present study. Nevertheless, the dose of 

vitamin D in a SG-specific supplement should be increased to the levels advised for RYGB 

patients by the ASMBS (75 μg per day) to improve post-operative phosphate levels [25]. 

 
Vitamin B1 deficiencies are not commonly reported after SG, probably because they are 

not routinely measured. We found lowered vitamin B1 levels in nine patients (7%) 

throughout the study period, but none showed clinical symptoms. This is completely 

different compared to RYGB patients in whom such deficiencies hardly occur [7, 8].  
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Theoretically, this could be explained by the higher risk of minimized intake and vomiting 

after SG compared to RYGB. When thiamin levels are below the adequate level, this can 

result in serious cardiovascular and neurologic consequences such as Wernicke's 

encephalopathy (WE) and beriberi [31, 32]. Risk factors known to cause post-bariatric WE 

include alcohol consumption, vomiting and rapid weight loss, but poor compliance with 

vitamin supplementation is also an important predisposing factor [28, 32, 33]. For non-

vomiting patients, the dose of thiamin required to prevent deficiencies after SG should 

be increased from 2 mg to ±3 mg. In our opinion, the recommendation of 12 mg per day 

by the ASMBS [25] is thus highly overestimated. 

 

As with thiamin, only a few studies have evaluated zinc status after bariatric surgery, 

mainly focusing on one type of surgery (RYGB). In the present study, prevalence of zinc 

deficiency was 13%, which is quite low compared to the wide range of 5–39% described 

in the available literature [12, 17, 34-36]. It is suggested that initially, zinc deficiency may 

be caused by malabsorption and protein malnutrition [35]. In our study, the only marker 

for protein status was albumin. About half of the patients that were deficient for zinc also 

had low albumin levels, and at twelve months serum zinc levels were significantly 

correlated with serum albumin levels (r=0.496). Other factors associated with zinc 

deficiency include a reduction of gastric HCl limiting zinc absorption, and inadequate 

intake of dietary zinc because of intolerance to foods rich in zinc such as red meat [35, 

37]. The dose of 15 mg zinc in WLS Optimum was not sufficient to prevent deficiencies. 

However, this dose was already higher than the recommendation of 8-11 mg per day 

according to the ASMBS [25]. For SG patients, recommendations should be increased to 

at least the levels advised for RYGB patients (8-11 mg/day to 16-22 mg/day). 

 

Some patients showed elevated serum levels of vitamin B1 (13%) and vitamin B6 (27%) 

throughout the study period. For both vitamins, excess cases were more prevalent than 

deficient ones. Complications of high doses of vitamin B1 are rare as the body can excrete 

excess amounts of thiamin in the urine [13, 31]. However, elevated serum levels of 

vitamin B6 can cause neuropathic symptoms [38]. Despite the higher dose of vitamin B6 

in WLS Optimum (143% RDA) compared to the sMVS (100% RDA), no difference in 

prevalence of elevated levels was found between the two groups. In three patients, 

extremely high serum levels (>200 nmol/L) of vitamin B6 were found. Clinical 

manifestations of vitamin toxicity have not been actively investigated in the present 

study. Consequently, it is difficult to ascertain whether the observed elevated levels are 

clinically relevant. High serum vitamin B6 levels can also occur due to over-use of vitamin 
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supplements. As serum folic acid concentrations rapidly increase after intake [39], these 

concentrations can be used as a marker for compliance of MVS intake in countries where 

it is not a food additive. In our study, serum vitamin B6 levels were significantly correlated 

with serum folic acid levels at 12 months (r=0.494). 

 

The present study has some limitations, especially the relatively high number of 

incompliant patients which most likely led to underpowering. Even when provided free 

of charge, about one third of the patients were not compliant to the assigned 

supplement protocol. With respect to product optimization, this finding is very important 

as it indicates that this version of WLS Optimum was probably not well tolerated. In 

addition, information on compliance was subjective (collected via questionnaires and 

medical files) and incomplete which might have led to an overestimation of compliant 

patients. Yet, comparing self-reported intake to blister counting in a previous study 

showed that the majority of the patients are honest in their self-reports. Besides, 

presuming that serum folic acid levels can serve as a marker for compliance, the absence 

of folic acid deficiencies in the per protocol analysis implies that these patients were 

indeed compliant. Furthermore, only preoperative deficiencies for vitamin B12 and 

vitamin D were treated. Not correcting for all preoperative deficiencies could have 

affected our findings regarding the efficacy of both multivitamin supplements in relation 

to the observed nutritional status. Despite these limitations, we believe that we can draw 

important conclusions about nutritional status of the investigated micronutrients after 

SG and the need for long-term nutritional follow-up and maintenance of routine 

multivitamin supplementation. 

 

Conclusion 
This randomized controlled study showed that nutritional deficiencies are prevalent after 

sleeve gastrectomy. Despite the fact that the specialized multivitamin supplement 

contained higher doses of multiple vitamins and minerals, it only significantly affected 

serum levels of folic acid, PTH and vitamin B1, and anemia rates compared to a standard 

MVS. This indicates that there is a clear need to further optimize multivitamin 

supplementation for SG patients. These supplements should contain higher doses of 

elementary iron, folic acid, vitamin B12, vitamin D, vitamin B1 and zinc to prevent 

deficiencies post-operatively. However, caution is needed to prevent over 

supplementation as we found that most of the recommended doses for 

supplementation according to the ASMBS guidelines might be overestimated. Besides, 

non-compliance with multivitamin supplementation was frequently encountered. More 
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research is needed to identify which factors affect (non-)compliance and how this can be 

improved. 
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Abstract 

 

 
Background: Micronutrient deficiencies are frequently reported after sleeve 

gastrectomy (SG), and therefore lifelong daily multivitamin supplementation is 

highly recommended. Based on literature and the results of a previous randomized 

controlled trial, a specialized multivitamin supplement for SG patients was further 

optimized (WLS Optimum 2.0, FitForMe). The present study reports on its short-

term effectiveness. 

 

Methods: An open-label study was performed in which 76 patients were included 

to receive WLS Optimum 2.0 for 12 months (Opt 2.0 group). This group was 

compared to a group of 75 patients that had received WLS Optimum 1.0 for 12 

months during a previous study (Opt 1.0 group).  

 

Results: Intention-to-treat analysis (Opt 1.0, n=69 vs Opt 2.0, n=75) showed higher 

serum levels of vitamin B12, vitamin B6 and zinc, and a lower prevalence of 

deficiencies for vitamin B12 and phosphate in the Opt 2.0 group. MCV and serum 

folic acid levels were higher in the Opt 1.0 group. Over the 12-month study period, 

mean increase in serum levels of phosphate, vitamin B6 and zinc was higher in the 

Opt 2.0 group, and MCV and serum vitamin D levels increased more in the Opt 1.0 

group.  

 

Conclusion: The present study showed that the use of a specialized multivitamin 

supplement for SG patients is effective at preventing deficiencies for many 

vitamins and minerals, specifically in compliant patients. However, a strict follow-

up regime remains necessary to monitor nutritional status and to improve patient 

compliance. 
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Introduction 

The laparoscopic sleeve gastrectomy (SG) is currently the most commonly performed 

bariatric procedure worldwide [1]. Whereas the impact of more malabsorptive 

procedures such as the Roux-en-Y gastric bypass (RYGB) on nutritional status is well 

known, the occurrence of nutritional deficiencies after SG is often underestimated [2-4]. 

After SG, there are several factors that put patients at risk for developing nutritional 

deficiencies, including reduced dietary intake, decreased hydrochloric acid and intrinsic 

factor secretion, poor food choices and food intolerances [5, 6]. Although prevalence 

estimates vary widely, micronutrient deficiencies including vitamin D (5-89%), vitamin 

B12 (9-26%) and iron (12-43%), and elevated parathyroid hormone levels (PTH; 14-39%) 

have been frequently reported in the first year post-SG [7-11]. To prevent patients from 

developing these micronutrient deficiencies, lifelong daily multivitamin 

supplementation is highly recommended [12].  

A customized multivitamin supplement with elevated doses of vitamins and minerals, 

specifically designed for SG patients was introduced (WLS Optimum 1.0; FitForMe, 

Rotterdam, the Netherlands). In a double-blind randomized controlled trial (RCT) [13], 

WLS Optimum 1.0 has shown to be effective in reducing the prevalence of anemia and 

improving serum levels of folic acid, PTH and vitamin B1 in comparison to a standard, 

over-the-counter multivitamin supplement [13]. No differences were found for the 

prevalence of deficiencies for iron, vitamin B12, vitamin D and other micronutrients. 

Based on these findings, the composition of WLS Optimum 1.0 was further optimized by 

elevating the levels of elementary iron, folic acid, vitamin B12, vitamin B1, copper and 

zinc. The present study reports on the short-term effectiveness (≤ 12 months) of WLS 

Optimum 2.0 in comparison to its previous version, WLS Optimum 1.0. 

 

Methods 
Study design 

The present study combines data of two prospective studies, i.e. the VITAAL I study and 

the VITAAL II study. The VITAAL I study was a double-blind RCT, in which included 

patients received either WLS Optimum 1.0 (intervention group) or a standard, over-the-

counter multivitamin supplement (sMVS, control group) for 12 months [13]. All 75 

patients who received WLS Optimum 1.0 were included in this study (Opt 1.0 group). 

During the VITAAL II study, 76 new patients were recruited to receive WLS Optimum 2.0 

for 12 months (Opt 2.0 group). Exclusion criteria were creatinine >150 µmol/L, systemic 

diseases that affect the gastrointestinal tract, psychiatric illness, use of drugs that affect 
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bone metabolism and known pregnancy during the study period. All SG procedures were 

performed by experienced bariatric surgeons, using the standardized operating 

technique as described earlier [13]. Both study protocols were approved by the Medical 

Ethics Review Committee of Radboud University Medical Centre and the Local Ethical 

Committee of Rijnstate Hospital Arnhem, and were conducted in concordance with the 

principles of the Declaration of Helsinki. The initial RCT was registered at the clinical trials 

registry of the National Institutes of Health (ClinicalTrials.gov; NCT01609387). 

 

WLS Optimum  

WLS Optimum is a customized MVS for SG and contains elevated doses of multiple 

vitamins and minerals. The contents of WLS Optimum 1.0 and 2.0 are shown in Table 1. 

Both supplements were similar in color and size. They had the exact same raw base 

compounds and cherry flavored capsule. In comparison to its previous version, WLS 

Optimum 2.0 contained higher levels of elementary iron, folic acid, vitamin B12, vitamin 

B1, copper and zinc, and a lower level of vitamin A. For both supplements, patients were 

instructed to take one capsule per day, starting from the day of surgery. Instructions on 

intake were given before surgery and at all medical checkups postoperatively. 

 
Table 1. Composition of WLS Optimum 1.0 and WLS Optimum 2.0. 

 WLS Optimum 1.0 WLS Optimum 2.0 

Micronutrients Dose RDA (%) Dose RDA (%) 

Vitamins     
   Vitamin A, mg 1.00 125.0 0.80 100.0 
   Vitamin B1, mg 2.00 182.0 2.75 250.0 
   Vitamin B2, mg 2.00 143.0 2.00 143.0 
   Vitamin B3, mg 25.00 156.0 25.00 156.0 
   Vitamin B5, mg 9.00 150.0 9.00 150.0 
   Vitamin B6, mg 2.00 143.0 2.00 143.0 
   Biotin, µg 150.00 300.0 150.00 300.0 
   Folic acid, µg 300.00 150.0 500.00 250.0 
   Vitamin B12, µg 10.00 400.0 100.00 4000.0 
   Vitamin C, mg 100.00 125.0 100.00 125.0 
   Vitamin D, µg 7.50 150.0 7.50 150.0 
   Vitamin E, mg 12.00 100.0 12.00 100.0 
   Vitamin K1, µg 90.00 120.0   
Minerals     
   Chrome, µg 40.00 100.0 40.00 100.0 
   Iron, mg 21.00 150.0 28.00 200.0 
   Iodine, µg 150.00 100.0 150.00 100.0 
   Copper, mg 1.00 100.0 1.90 190.0 
   Magnesium, mg 30.00 8.0   
   Manganese, mg 3.00 150.0 3.00 150.0 
   Molybdenum, µg 50.00 100.0 50.00 100.0 
   Selenium, µg 55.00 100.0 55.00 100.0 
   Zinc, mg 15.00 150.0 28.00 280.0 

RDA, recommended daily allowance. 
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In addition, patients were instructed to take calcium/cholecalciferol (500 mg/800 IE) 

supplementation two times a day as part of the standard post-SG treatment protocol.  

 

Data collection 

All patients visited the hospital for standard laboratory blood tests and anthropometric 

measurements during regular visits before surgery (T0) and at 6 months (T6) and 12 

months (T12) after surgery. Blood was collected by venipuncture. The following blood 

parameters were measured on random access analyzers: hemoglobin, mean corpuscular 

volume (MCV; XN-10 Sysmex); ferritin, folic acid, vitamin B12, 25-OH vitamin D and PTH 

(Modular E170, Roche) and calcium, magnesium, phosphate and albumin (Modular P800, 

Roche). Calcium levels were corrected for albumin using the following equation: Cacorr = 

total calcium – (0.025 x albumin) + 1. Vitamin B1 and vitamin B6 were analyzed on a high-

performance liquid chromatography with fluorescence detector (Shimadzu). Zinc was 

analyzed by inductively coupled plasma mass spectrometry (Shimadzu).  

A deficiency was defined as a serum level below the local reference value (reference 

values in tables). Serum ferritin levels were used for the diagnosis of iron deficiency. 

Preoperative vitamin B12 and vitamin D deficiencies were treated with predefined 

medication. In case of a deficiency after surgery, treatment was performed according to 

local protocol as described earlier [14]. Subsequent data of the corresponding parameter 

were excluded. Weight loss was expressed as excess body weight loss (EWL) and total 

body weight loss (TWL). EWL was calculated as [weight loss/excess weight based on ideal 

body weight at BMI 25 kg/m2 x 100%]. TWL was calculated as [weight loss/initial weight 

x 100%]. 

 

Statistical analysis 

General characteristics of the Opt 1.0 and Opt 2.0 group were compared using 

independent samples t-tests for continuous data and Chi-Square tests for categorical 

data (or Fisher's Exact test when >20% of expected counts were <5).  

Serum levels of ferritin, folic acid, PTH, vitamin B1 and vitamin B6 were transformed to 

natural logarithms before analysis. Differences in mean serum levels at T6 and T12 were 

tested using one-way analysis of covariance (ANCOVA) with baseline serum level as 

covariate. Analyses of vitamin B12 and vitamin D were not corrected by baseline serum 

level as baseline deficiencies were treated before surgery. Linear Mixed Models were 

used to assess if serum levels changed differently over time between the groups.  

The number of deficiencies between the groups at T6 and T12 were compared using Chi-

Square tests (or Fisher's Exact test when >20% of expected counts were <5).  
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Follow up measurements of patients who became pregnant or underwent revisional 

surgery were excluded from analysis. Intention-to-treat (ITT) analysis was performed as 

the primary analysis. Additionally, a per-protocol (PP) analysis was performed, excluding 

all patients who reported to not use the assigned supplement.  

All statistical analyses were performed using IBM SPSS Statistics 25 for Windows (IBM 

Corp., Armonk USA).  

 

Results 
The total study population consisted of 151 patients. Seven patients were excluded 

because they did not complete any of the follow-up measurements during the 12-month 

study period. In total, 144 patients were available for the ITT analysis: 69 patients 

receiving Optimum 1.0 (Opt 1.0 group) and 75 patients receiving Optimum 2.0 (Opt 2.0 

group). For the PP analysis, 44 patients (63.8%) reported to use Optimum 1.0 and 50 

patients reported to use Optimum 2.0 (66.7%) at T6. At T12, these numbers decreased to 

38 (55.1%) and 41 patients (54.7%), respectively. General characteristics of patients in the 

Opt 1.0 and Opt 2.0 group are shown in Table 2. 

 
Table 2. General characteristics of the study population. 

 Optimum 1.0 (n=69) Optimum 2 .0 (n=75) 

Age (years) 38.2 ± 12.4 38.1 ± 12.9 

Gender (female) 51 (73.9) 58 (77.3) 

Body weight before surgery (kg) 141.3 ± 26.1 140.5 ± 28.2 

BMI before surgery (kg/m2) 47.6 ± 9.0 47.1 ± 7.9 

Adjustable gastric band in history 3 (4.3) 6 (8.0) 

Comorbidities     

 T2DM 9 (13.0) 9 (12.0) 

 Hypertension 15 (21.7) 22 (29.3) 

 Dyslipidemia 3 (4.3) 8 (10.7) 

 OSAS 7 (10.1) 8 (10.7) 

BMI at 12 months after surgery (kg/m2) 32.7 ± 7.2 31.9 ± 6.3 

EWL at 12 months after surgery (%) 70.5 ± 22.7 72.2 ± 20.6 

TWL at 12 months after surgery (%) 31.3 ± 8.6 32.1 ± 8.7 
Data are presented as mean ± standard deviation and frequency (percentage).  

BMI, body mass index; T2DM, type 2 diabetes mellitus; OSAS, obstructive sleep apnea syndrome; EWL, excess body weight loss; TWL, 

total body weight loss. 

P>0.05 for all outcomes. 

 

Both groups were similar with respect to age (38.2 ± 12.4 years vs 38.1 ± 12.9 years), 

gender (73.9% vs 77.3% female), preoperative body weight (141.3 ± 26.1 kg vs 140.5 ± 

28.2 kg) and BMI (47.6 ± 9.0 kg/m2 vs 47.1 ± 7.9 kg/m2), and comorbidities (P>0.05 for 

all). In nine patients, a gastric band was removed before conversion to SG (4.3% vs 8.0%).  
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The degree of body weight loss after twelve months was similar for patients in the Opt 

1.0 group and the Opt 2.0 group with a mean BMI of 32.7 ± 7.2 kg/m2 vs 31.9 ± 6.3 kg/m2, 

EWL of 70.5 ± 22.7% vs 72.2 ± 20.6% and TWL of 31.3 ± 8.6% vs 32.1 ± 8.7%, respectively 

(P>0.05 for all). The use of medication known to cause drug-nutrient interactions at T12 

(e.g. proton-pump inhibitors, metformin) was also comparable between the groups 

(28.8% vs 34.4%).  

 

Hemoglobin Metabolism 

Mean serum concentrations and prevalence of anemia, and deficiencies for iron, folic 

acid and vitamin B12 can be found in Table 3. At baseline, mean serum concentrations 

and prevalence of pre-operative deficiencies were similar between the groups.  

MCV increased over time in the Opt 1.0 group but not in the Opt 2.0 group (+3.2 ± 4.2 fL 

vs +0.9 ± 3.4 fL, P=0.002), resulting in a significantly lower MCV in the Opt 2.0 group at 

T12 (89.8 ± 4.0 fL vs 91.8 ± 4.4 fL, P<0.001).  

At T6, mean serum folic acid concentration was also lower in the Opt 2.0 group than in 

the Opt 1.0 group (18.3 ± 10.1 nmol/L vs 22.3 ± 9.5 nmol/L, P=0.047). This difference was 

no longer present at T12 (19.7 ± 13.4 nmol/L vs 21.8 ± 10.0 nmol/L, P=0.15). The 

prevalence of folic acid deficiencies did not differ between the groups during the study 

period.  

Mean serum vitamin B12 concentrations were higher in the Opt 2.0 group compared to 

the Opt 1.0 group at both T6 (310.8 ± 94.6 pmol/L vs 276.1 ± 84.6 pmol/L, P=0.04), and 

T12 (302.4 ± 93.2 pmol/L vs 267.3 ± 80.0 pmol/L, P=0.03). At T12, the prevalence of 

vitamin B12 deficiencies was also lower in the Opt 2.0 group (10.5% vs 25.4%, P=0.04). 

Over time, serum vitamin B12 levels increased in the Opt 2.0 group while they decreased 

in the Opt 1.0 group, but this difference was not statistically significant (+5.5 ± 103.7 

pmol/L vs -32.9 ± 76.2 pmol/L, P=0.18). 

No significant differences were observed between the groups for hemoglobin and 

ferritin. In the PP analysis, only the observed differences for MCV and serum vitamin B12 

level at T12 were statistically significant (Supplementary Table 1).  

 

Calcium and Vitamin D Metabolism 

Mean serum concentrations and prevalence of deficiencies for vitamin D, calcium, 

magnesium and phosphate can be found in Table 4.  

At baseline, mean serum vitamin D level was higher in the Opt 2.0 group than in the Opt 

1.0 group (55.8 ± 24.7 nmol/L vs 36.6 ± 21.8 nmol/L, P<0.001), and the prevalence of 

vitamin D deficiencies was also lower in this group (respectively 38.7% vs 73.9%, 
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P<0.001). Over time, mean increase in serum vitamin D level was lower in Opt 2.0 group 

than in the Opt 1.0 group (+28.6 ± 23.4 nmol/L vs +48.8 ± 29.0 nmol/L, P<0.001), and 

the differences in vitamin D serum levels and deficiencies were no longer present at T6 

and T12. 

Although mean serum phosphate level was lower in the Opt 2.0 group compared to the 

Opt 1.0 group at baseline (0.85 ± 0.16 mmol/L vs 0.95 ±0.18 mmol/L, P=0.002), the 

prevalence of phosphate deficiencies at T6 was lower in the Opt 2.0 group (4.8% vs 

20.4%, P=0.03). At T12, this prevalence was 3.7% vs 18.2% (P=0.09). Over time, mean 

increase in phosphate level was higher in the Opt 2.0 group than in the Opt 1.0 group 

(+0.17 ± 0.25 mmol/L vs +0.07 ± 0.20 mmol/L, P=0.003). 

The ITT analysis demonstrated no differences for PTH, calcium, magnesium and albumin 

between both groups. In contrast, the PP analysis showed significantly different changes 

in serum levels of PTH, calcium and albumin between the two groups over the study 

period (Supplementary Table 2). Mean increase in serum level was higher in the Opt 2.0 

group than in the Opt 1.0 group for PTH (+0.5 ± 1.4 pmol/L vs -0.3 ± 1.9 pmol/L, P=0.01) 

and calcium (+0.06 ± 0.09 mmol/L vs +0.05 ± 0.11 mmol/L, P=0.04) but lower for albumin 

(-0.03 ± 2.6 g/L vs +1.3 ± 3.0 g/L, P=0.02).  

 

Vitamin B1, vitamin B6 and zinc 

Mean serum levels and prevalence of deficiencies regarding vitamin B1, vitamin B6 and 

zinc can be found in Table 5.  

Mean change in serum vitamin B6 level was greater in the Opt 2.0 group than in the Opt 

1.0 group (+25.7 ± 29.7 nmol/L vs +3.1 ± 26.6 nmol/L, P=0.01), resulting in a significantly 

higher mean serum vitamin B6 level in the first group at T12 (99.8 ± 31.7 nmol/L vs 82.9 

± 27.3 nmol/L, P=0.01). 

Mean baseline serum zinc level was lower in the Opt 2.0 group compared to the Opt 1.0 

group (11.2 ± 2.3 µmol/L vs 12.2 ± 1.6 µmol/L, P=0.003), and the prevalence of zinc 

deficiencies at baseline was also higher in this group (respectively 17.1% vs 1.6%, 

P=0.003). In spite of the lower level at baseline, at T6 mean serum zinc level was higher 

in the Opt 2.0 group than in the Opt 1.0 group (12.9 ± 2.2 µmol/L vs 11.7 ± 1.6 µmol/L, 

P=0.003). ). Over time, zinc levels increased in the Opt 2.0 group but decreased in the 

Opt 1.0 group (+1.3 ± 3.9 µmol/L vs -0.4 ± 2.2 µmol/L, P<0.001). The prevalence of zinc 

deficiencies at T6 and T12 did not differ between the groups. 

No significant differences were observed for vitamin B1. Results of the PP analysis were 

similar to the results of the ITT analysis (Supplementary Table 3). 
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Hypervitaminosis 

The prevalence of elevated serum levels was similar between the two groups. Overall, 

serum levels above the reference values were observed for ferritin (11.2%), folic acid 

(20.8%), vitamin B1 (19.2%) and vitamin B6 (39.4%) throughout the study period. Serum 

levels above the reference values for all other micronutrients were rare (<3%). 

For vitamin B1, about one third of the patients (35%) already presented with elevated 

serum levels at baseline, whereas elevated serum levels for vitamin B6 developed de 

novo after surgery in more than three quarters of the patients (79%). Extremely high 

serum vitamin B6 levels (>200 nmol/L) were found in only one patient.  

 

Discussion 
The present study evaluated the short-term effectiveness of the optimized WLS 

Optimum 2.0 supplement on preventing micronutrient deficiencies after SG in 

comparison to its previous version, WLS Optimum 1.0. WLS Optimum 2.0 contained 

higher levels of elementary iron, folic acid, vitamin B12, vitamin B1, copper and zinc, and 

a lower level of vitamin A than WLS Optimum 1.0.  

We found higher serum concentrations of vitamin B12, vitamin B6 and zinc, and a lower 

prevalence of deficiencies for vitamin B12 and phosphate in the Opt 2.0 group. MCV and 

serum folic acid concentrations were higher in the Opt 1.0 group. Over the 12-month 

study period, mean increase in serum levels of phosphate, vitamin B6 and zinc was higher 

in the Opt 2.0 group, and MCV and serum vitamin D concentrations increased more in 

the Opt 1.0 group. According to the PP analysis, we additionally found that mean 

increase in PTH and serum calcium concentrations were higher in the Opt 2.0 group 

whereas the mean increase in serum albumin levels was lower in this group. 

 

The level of elementary iron was increased from 21 mg to 28 mg. Although we found that 

serum ferritin levels equally increased in both groups, 11% of the patients in the Opt 2.0 

group was iron deficient during the study period compared to 3% in the Opt 1.0 group. 

In the PP analysis, only 3% of the patients in the Opt 2.0 group were iron deficient. This 

indicates that most of the iron deficiencies occurred in non-compliant patients. In the 

Opt 1.0 group, the prevalence of iron deficiency did not change in the PP analysis. Our 

findings therefore suggest that a level of 28 mg of elementary iron is sufficient to prevent 

deficiencies at 12 months post-surgery. According to the nutritional guidelines of the 

American Society for Metabolic and Bariatric Surgery (ASMBS), patients who have 

undergone RYGB or SG should take at least 45-60 mg of elemental iron daily [15]. Based 
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on our findings, this recommendation should be revised for SG patients as high doses of 

elementary iron may increase the risk of adverse gastrointestinal side effects [16, 17].  

 

The level of folic acid was increased from 300 µg to 500 µg. Mean increase in serum folic 

acid concentration and the prevalence of folic acid deficiencies were similar between the 

groups according to the ITT analysis. However, mean increase in serum folic acid 

concentration was twice as high in the Opt 2.0 group compared to the Opt 1.0 group in 

the PP analysis (+11.2 nmol/L vs +6.8 nmol/L, P=0.11). Our results indicate that 500 µg 

of folic acid is sufficient, which is in line with the ASMBS recommendation of 400-800 µg 

per day [15]. 

 

The 10-fold increase in vitamin B12 (10 µg to 100 µg) was clearly reflected in significantly 

higher serum levels and less vitamin B12 deficiencies in the Opt 2.0 group compared to 

the Opt 1.0 group. The ASMBS recommendation for vitamin B12 is 350-500 µg oral 

supplementation per day for all bariatric patients, irrespective of the type of weight loss 

surgery [15]. Based on our results, it would better to distinguish between the different 

types of surgery as our data indicate that a lower vitamin B12 level of 100 µg is sufficient 

to maintain adequate serum vitamin B12 concentrations in SG patients. Our findings for 

vitamin B12 might also explain why we found a higher mean increase in MCV in the Opt 

1.0 group than in the Opt 2.0 group (+3.2 ± 4.2 fL vs. +0.9 ± 3.4 fL, P=0.002). Mean 

corpuscular volume (MCV) is a laboratory value that measures the average size and 

volume of a red blood cell [18]. MCV below the lower limit of 80 fL can indicate iron 

deficiency anemia while MCV above the upper limit of 100 fL is associated with vitamin 

B12 deficiency [18]. In the present study, the increase in MCV in the Opt 1.0 group was 

indeed accompanied by a decrease in serum vitamin B12 concentration in this group. 

Moreover, the change in MCV was significantly correlated with the change in serum 

vitamin B12 level (r =-0.32, P<0.001). 

 

The level of vitamin B1 was increased from 2.00 mg to 2.75 mg in Optimum 2.0. Although 

mean serum vitamin B1 concentrations decreased in both groups, deficiencies were rare. 

In fact, elevated vitamin B1 levels were more prevalent than vitamin B1 deficiency in the 

present study (19% vs 4%, respectively). Despite the fact that complications of high doses 

of vitamin B1 are rare as the body can excrete excess amounts of thiamin in the urine 

[19], the ASMBS recommendation of at least 12 mg vitamin B1 per day seems highly 

overestimated and should be revised [15]. Since mean serum vitamin B1 decreased less 

in the Opt 2.0 group, the dose of 2.75 mg is preferred over the dose of 2.00 mg. 
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The level of zinc was nearly doubled from 15 mg to 28 mg. This resulted in a larger 

increase in mean serum zinc concentration in the Opt 2.0 group than in the Opt 1.0 

group. The ASMBS recommendation for zinc is 8–11 mg per day for SG patients [15]. This 

seems highly underestimated as we found that mean serum zinc concentrations 

decreased in patients using Optimum 1.0, which contained 15 mg of zinc. Despite the 

high level of zinc in Optimum 2.0, only one patient in the Opt 2.0 group slightly exceeded 

the upper limit of the reference range (level of 19.6 µmol/L). Acute adverse effects of 

excess zinc include epigastric pain, nausea, vomiting, loss of appetite, abdominal cramps, 

diarrhea and headaches [20]. On the long term, excessive absorption of zinc can suppress 

copper and iron absorption [20]. The Tolerable Upper Intake Level for zinc is 40 mg per 

day [20]. Basfi-Fer et al. found that dietary intake of zinc varied between 6.3-8.4 mg per 

day in the first two years post-SG [21]. It would hence appear safe to recommend 28 mg 

zinc for these patients without any significant risk of zinc toxicity. The level of copper in 

WLS Optimum 2.0 was also increased from 1.0 mg to 1.9 mg to maintain the 

recommended ratio of 15 mg of zinc to 1 mg of copper [22]. 

 

Whereas no vitamin B6 deficiencies were observed, elevated serum levels for vitamin B6 

were highly prevalent in both groups (39%). This is in line with previous research 

reporting a low prevalence of vitamin B6 deficiency (0-0.5%) but elevated serum vitamin 

B6 levels in up to 50% of the patients [7, 8, 14, 23]. Elevated serum levels of vitamin B6 

can cause neuropathic symptoms [24], but the toxicity of vitamin B6 may depend on 

which form of vitamin B6 is used in a supplement. Vrolijk et al. found that the neuropathy 

observed after taking a relatively high dose of vitamin B6 supplements is due to 

pyridoxine [25]. They suggested to replace pyridoxine by pyridoxal or pyridoxal-

phosphate in vitamin B6 supplements to reduce the risk of toxicity [25]. Therefore, the 

form of vitamin B6 was changed from pyridoxine in Optimum 1.0 to pyridoxal-phosphate 

in Optimum 2.0. This could also explain why we found a higher increase in serum vitamin 

B6 levels in the Opt 2.0 group compared to the Opt 1.0 group. Unlike pyridoxine, 

pyridoxal-phosphate is the active coenzyme form of vitamin B6 which can be directly 

utilized by the body without conversion [25]. In order to decrease the risk of adverse 

effects from elevated serum vitamin B6 levels, the level of vitamin B6 in WLS Optimum 

should be decreased to 1.5 mg pyridoxal-phosphate. 

 

The prevalence of phosphate deficiencies was significantly higher in the Opt 1.0 group 

than in the Opt 2.0 group at T6 (20.4% vs 4.8%). This difference might be explained by a 

change in the reference value for phosphate halfway during the VITAAL I study. The 
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reference value for phosphate was changed from 0.87-1.45 mmol/L to 0.80-1.40 mmol/L 

due to a new assay. However, all patients in the VITAAL I study were analyzed by using 

the old reference value. When using the correct reference value for each individual 

patient in the VITAAL I study, prevalence of phosphate deficiency was 21% at T0, 8.2% at 

T6 and 10.9% at T12 in the Opt 1.0 group. These rates were no longer significantly 

different from those observed in the Opt 2.0 group. 

 

Overall, we found that observed differences in serum concentrations and prevalence of 

deficiencies between the two groups were most pronounced in the PP analysis. However, 

most of these results did not reach statistical significance, which might be because of a 

reduced power due to the small sample of compliant patients. Unfortunately, lifelong 

compliance with a daily multivitamin supplement is difficult to achieve in this patient 

population [26]. In the present study, compliance decreased to 55% at 12 months in both 

groups. The main reported reason for discontinuation of the assigned MVS was nausea. 

Most patients switched to a regular, over-the-counter MVS, but others did not tolerate 

any MVS and therefore stopped using multivitamin supplementation. More research is 

needed to explore the underlying factors in order to increase patient compliance with 

MVS intake. 

Although all study participants received the supplements free-of-charge, the costs of 

treatment with specialized MVS have also been considered a major barrier to adequate 

lifelong adherence [26]. Compared to the price of other commercially available bariatric 

multivitamin formulations, WLS Optimum is in the mid-range with a price of €0.29 per 

capsule. Whereas the use of such supplements initially seems more expensive, Homan et 

al. showed that the use of a specialized multivitamin resulted in less overall costs 

compared to using sMVS [27]. 

 

Because of the large variety in composition of bariatric multivitamin formulations, this 

study can contribute towards the achievement of the most optimal form and content of 

bariatric MVS. However, it is important to note that although our data can give an 

indication about the doses needed to prevent deficiencies and hypervitaminosis, longer 

term follow-up studies are necessary to confirm our findings. In that respect, it would 

also be very useful if data of other MVS formulations become available.  

 

One of the strengths of the present study was the performance of both an ITT analysis 

and PP analysis based on self-reported compliance. In this way, we could establish the 

efficacy in a real life setting as well as in an ideal setting in which all patients adhere to 
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the assigned supplement protocol. Furthermore, we were able to minimize the risk of 

bias related to a difference in supplements as they were produced by the same 

manufacturer.  

Limitations include the absence of information on nutritional intake and the lack of a 

(randomized) control group in the current study. The VITAAL II study was a single-arm 

open label study and we compared this group to the intervention group of the VITAAL I 

RCT. Although these studies were performed in different time periods, the operative 

technique, surgeons, researchers and hospital were the same in both studies. Moreover, 

both study populations were similar with respect to age, gender, preoperative body 

weight and BMI, and comorbidities. Another limitation is that according to clinical 

practice, only preoperative deficiencies for vitamin B12 and vitamin D were treated. Not 

correcting for all preoperative deficiencies could have affected our findings regarding 

the efficacy of both multivitamin supplements. We therefore corrected for baseline 

serum levels in the statistical analysis. Moreover, we excluded serum level data of 

patients who used additional supplementation to prevent biased estimates. However, 

information on the intake of additional supplementation was subjective (collected via 

self-report and medical files) and probably, despite an extensive check, not complete 

which could also have influenced our results.  

 

Conclusion 
The present study showed that the use of a specialized multivitamin supplement for SG 

patients (WLS Optimum 2.0) is effective at preventing deficiencies for many vitamins and 

minerals, particularly in compliant patients. The level of vitamin B6 should be lowered 

from 2 mg to 1.5 mg pyridoxal-phosphate to decrease the risk of vitamin B6 toxicity. A 

strict follow-up regime remains necessary to be able to diagnose nutritional deficiencies 

as well as hypervitaminosis in an early stage, and to improve patients' compliance with a 

daily multivitamin supplement. More research is needed to identify which factors affect 

compliance and how this can be improved. 
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Abstract 
 

Background: Lifelong daily multivitamin supplementation is highly recommended 

after sleeve gastrectomy (SG). Based on previous research, a specialized 

multivitamin supplement (MVS) for SG patients was developed and optimized 

(WLS Optimum 1.0 and 2.0). This study presents its mid-term effectiveness and 

compares micronutrient status of SG patients using this specialized MVS to users 

of standard MVS (sMVS) and non-users of multivitamin supplementation during 

the first three years post-surgery. 

 

Methods: Of the 226 participants that were included at baseline, yearly follow-up 

blood tests were completed by 193 participants (85%) at 12 months, 176 

participants (78%) at 24 months and 140 participants (62%) at 36 months of follow-

up. At each time point, participants were divided into four groups: (1) Optimum 

1.0, (2) Optimum 2.0, (3) sMVS and (4) non-users.  

Serum concentrations (linear mixed-effects models) and the prevalence of 

micronutrient deficiencies (chi-square tests) during follow-up were compared 

between the groups. 

 

Results: Users of specialized MVS (Optimum 1.0 and 2.0) had higher serum 

concentrations of hemoglobin, folic acid and vitamin D compared to sMVS users 

and non-users during follow-up. Serum concentrations of vitamin B12 and 

(corrected) calcium were higher in specialized MVS users than in non-users. 

Overall, fewer deficiencies for folic acid and vitamin D were observed in the 

Optimum groups. 

 

Conclusion: Although the perfect multivitamin supplement for all SG patients does 

not exist, WLS Optimum was more effective in sustaining normal serum 

concentrations than standard, over-the-counter supplementation. Non-users of 

MVS presented with most micronutrient deficiencies and will evidently develop 

poor nutritional status on the longer term. 
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Introduction 

During the past decade, the laparoscopic sleeve gastrectomy (SG) has become the most 

performed metabolic procedure worldwide, accounting for about 50% of all registered 

procedures [1]. While SG is primarily considered a restrictive procedure, the reduction in 

gastric acid production and intrinsic factor secretion due to removal of a large part of the 

stomach may also affect absorption of micronutrients [2]. Contrary to initial belief, similar 

rates of long-term nutritional deficiencies are found in SG patients when compared to 

patients that have undergone Roux-en-Y gastric bypass, even though the intestinal 

surface area remains intact following SG [3-6]. Micronutrient deficiencies for vitamin D, 

vitamin B12 and iron as well as elevated parathyroid hormone (PTH) levels have been 

reported up to five years after SG [7-10].  

For that reason, a specialized multivitamin supplement specifically targeted to the needs 

of SG patients was developed (WLS Optimum; FitForMe, Rotterdam, the Netherlands). 

The composition of WLS Optimum was previously evaluated in a randomized controlled 

trial and optimized afterwards [11, 12]. The first version of WLS Optimum (1.0) was 

effective in reducing the prevalence of anemia and improving serum levels of folic acid, 

PTH, and vitamin B1 one year after SG in comparison to a standard, over-the-counter 

multivitamin supplement (sMVS) [11]. The optimized version of WLS Optimum (2.0) 

additionally improved serum levels of vitamin B12, vitamin B6, and zinc and resulted in 

less deficiencies for vitamin B12 and phosphate during the first year after SG, in 

comparison to WLS Optimum 1.0 [12]. However, the effectiveness of such specialized 

MVS on the longer term after SG is still unknown. In addition, compliance to 

supplementation regimes appears to be poor after bariatric surgery and a part of the 

patients discontinue the use of (specialized) MVS several years after surgery [13-16]. 

Research reporting on nutritional status of non-users of MVS following SG is limited. 

Therefore, the aim of this study was to evaluate micronutrient status of SG patients using 

specialized MVS (WLS Optimum 1.0, WLS Optimum 2.0) compared to sMVS and non-

users during the first three years after surgery. 

 

Methods 
Study design and participants 

The present study uses follow-up data of two former studies investigating the specialized 

multivitamin supplement WLS Optimum; the VITAAL I and VITAAL II study [11, 12].  

VITAAL I was a randomized controlled trial aimed to evaluate the effectiveness of the first 

version of WLS Optimum (Optimum 1.0) [11]. Included patients received Optimum 1.0 
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(intervention group) or a standard, over-the-counter multivitamin supplement (sMVS; 

control group) for 12 months. After the intervention period, the blinded component of 

the study was terminated. During follow-up, standard blood tests were performed yearly 

up to three years post-SG. VITAAL II was designed to evaluate the effectiveness of the 

improved version of the WLS Optimum supplement (Optimum 2.0). In contrast to the 

initial RCT, there was no control group in this study [12]. All participants received 

Optimum 2.0 and were instructed to use this supplement on a daily basis for 12 months. 

Similarly, all patients were invited to complete their yearly follow-up blood tests up to 

three years post-SG.  

Both study protocols were approved by the Medical Ethics Review Committee of 

Radboud University Medical Centre and the Local Ethical Committee of Rijnstate 

Hospital Arnhem, and were conducted in concordance with the principles of the 

Declaration of Helsinki. The VITAAL I study was registered at the clinical trials registry of 

the National Institutes of Health (ClinicalTrials.gov; identifier NCT01609387). 

 

 
Figure 1. Flowchart of the study sample for data analysis at baseline (T0), after the 12-month intervention period 

(T12), and at 24 and 36 months of follow-up (T24, T36). 

Inclusion

Intervention 

0-12m

Follow-up 

12-36m

Excluded  from study (n=40)
− Lost to follow-up (n=34)
− Revisional surgery (n=6)

VITAAL I+II

Study sample T12

(n=193)

Study sample T24

(n=176)

Study sample T36

(n=140)

Study sample T0

(n=225)

Excluded  from study (n=19)
− Lost to follow-up (n=18)
− Revisional surgery (n=1)

Excluded from study (n=24)
− Lost to follow-up (n=19)
− Revisional surgery (n=5)

Excluded  from analysis (n=13)
− No lab data (n=7)
− Pregnancy (n=6)

Excluded  from analysis (n=6)
− No lab data (n=5)
− Pregnancy (n=1)

Excluded  from analysis (n=2)
− Pregnancy (n=2)

Excluded before start (n=1)
− Underwent RYGB
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A total of 226 participants were included in the VITAAL I (n=150) and VITAAL II study 

(n=76). During the follow-up period (12-36 months), 53 participants were lost to follow-

up and 11 underwent revisional surgery. Additionally, participants with missing 

laboratory data (n=12) or known pregnancy (n=9) at the time of follow-up were excluded 

from the analyses (Figure 1). A detailed flowchart of the individual studies can be found 

in Supplementary Figure 1. For the present study, the final study sample for data analysis 

consisted of 193 participants (85%) at 12 months, 176 participants (78%) at 24 months 

and 140 participants (62%) at 36 months of follow-up.  

 

Data collection 

Demographic information 

Socio-demographic and health-related information were collected during standard 

follow-up visits at the hospital. Body weight was measured to the nearest 0.1 kg with a 

digital weighing scale (Tanita BC-420MA), after removal of heavy clothing and shoes. 

Height was measured in standing position with a wall-mounted stadiometer (Seca 206). 

BMI was calculated as weight (kg) divided by squared height (m2). Total body weight loss 

(TWL) was calculated as weight loss divided by weight before surgery, multiplied by 

100%. Excess body weight loss (EWL) was calculated as weight loss divided by excess 

weight before surgery (based on ideal body weight at BMI 25 kg/m2), multiplied by 100%. 

 

Supplementation use 

Self-reported information on the use of multivitamin supplementation (type, content 

and compliance) at each follow-up visit were obtained via medical chart review and 

participants were divided into four different treatment modalities: (1) Optimum 1.0 (2), 

Optimum 2.0 (3), sMVS and (4) non-users. The composition of WLS Optimum 1.0 and 

Optimum 2.0 is shown in Table 1. Compared to the first version, Optimum 2.0 contained 

higher doses of elementary iron, folic acid, vitamin B12, vitamin B1, copper and zinc, and 

a lower dose of vitamin A. Moreover, it is important to note that after the 12-month study 

period of the VITAAL II study, the dose of vitamin D in Optimum 2.0 was increased from 

7.5 µg (150% RDA) to 75 µg (1500% RDA). During follow-up, all participants received the 

supplement with this higher dose of vitamin D. Both supplements were dosed as one 

capsule per day.  

sMVS were defined as standard, over-the-counter supplements that usually contain 

nutrients in amounts of 100% of the RDA. In addition, participants were advised to take 

calcium/vitamin D3 (500 mg/800 IE) supplementation two times a day as part of the 

standard treatment post-SG.  
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Furthermore, data on the use of additional supplementation (e.g. vitamin B12 injections) 

were also retrieved from the medical records. When additional supplementation was 

used, data of subsequent serum concentrations for that micronutrient were removed 

from the analysis to prevent biased estimates. 

 
Table 1. Composition of WLS Optimum 1.0 and WLS Optimum 2.0 

 WLS Optimum 1.0 WLS Optimum 2.0 

Micronutrients Dose RDA (%) Dose RDA (%) 

Vitamins     
   Vitamin A, mg 1.00 125.0 0.80 100.0 
   Vitamin B1, mg 2.00 182.0 2.75 250.0 
   Vitamin B2, mg 2.00 143.0 2.00 143.0 
   Vitamin B3, mg 25.00 156.0 25.00 156.0 
   Vitamin B5, mg 9.00 150.0 9.00 150.0 
   Vitamin B6, mg 2.00 143.0 2.00 143.0 
   Biotin, µg 150.00 300.0 150.00 300.0 
   Folic acid, µg 300.00 150.0 500.00 250.0 
   Vitamin B12, µg 10.00 400.0 100.00 4000.0 
   Vitamin C, mg 100.00 125.0 100.00 125.0 
   Vitamin D, µg 7.50 150.0 75.001 1500.01 
   Vitamin E, mg 12.00 100.0 12.00 100.0 
   Vitamin K1, µg 90.00 120.0 - - 
Minerals     
   Chrome, µg 40.00 100.0 40.00 100.0 
   Iron, mg 21.00 150.0 28.00 200.0 
   Iodine, µg 150.00 100.0 150.00 100.0 
   Copper, mg 1.00 100.0 1.90 190.0 
   Magnesium, mg 30.00 8.0 - - 
   Manganese, mg 3.00 150.0 3.00 150.0 
   Molybdenum, µg 50.00 100.0 50.00 100.0 
   Selenium, µg 55.00 100.0 55.00 100.0 
   Zinc, mg 15.00 150.0 28.00 280.0 

RDA, recommended daily allowance.  
1 After the 12-month study period, the dose was increased from 7.5 µg (150% RDA) to 75 µg (1500% RDA).  

 
Table 2. Reference ranges of the evaluated micronutrients 

Micronutrients Reference range 

Hemoglobin Male: 8.4-10.8 mmol/L, Female: 7.4-9.9 mmol/L 
MCV 80-100 fL 
Ferritin 20-300 ng/mL 
Folic acid1 6-28 nmol/L 
Vitamin B12 200-570 pmol/L 

Vitamin D >50 nmol/L 
PTH2 1.3-6.8 pmol/L 
Calcium3 2.10-2.55 mmol/L 
Albumin 35-50 g/L 

MCV, mean corpuscular volume, PTH, parathyroid hormone. 
1 Reference range for the assay in the VITAAL II study: 5-35 nmol/L at T24 and >12.2 nmol/L at T36. 
2 Reference range for the assay in the VITAAL II study: 1.96-9.33 pmol/L at T36. 
3 Reference range for the assay in the VITAAL II study: 2.20-2.55 mmol/L at T24 and 2.08-2.65 mmol/L at T36. 
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Laboratory blood tests  

Standard laboratory blood tests were performed at baseline (T0, pre-surgery), after the 

12-month intervention period (T12), and at 24 months (T24) and 36 months (T36) of 

follow-up. Blood serum and plasma were collected by venipuncture at all timepoints. The 

following blood parameters were measured on random access analyzers: hemoglobin, 

mean corpuscular volume (MCV; XN-10 Sysmex); ferritin, folic acid, vitamin B12, 25-OH 

vitamin D, PTH (Modular E170, Roche); and calcium, albumin (Modular P800, Roche). 

Calcium levels were corrected for albumin (Cacorr=total calcium-(0.025*albumin) + 1). 

A deficiency was defined as a serum level below the local reference value at the time of 

blood collection (Table 2).  

 

Statistical analysis 

General characteristics of the study population are reported as median and interquartile 

range [Q1-Q3] for continuous data and as frequency (percentage) for categorical data. 

Differences in pre-operative characteristics between the study population at baseline 

and during follow-up were analyzed using the Kruskal-Wallis test for continuous data 

and Chi-Square tests for categorical data (or Fisher's Exact test when >20% of expected 

counts were <5).  

Serum concentrations during follow-up were analyzed using a mixed-effects model 

accounting for the fixed effects of MVS (Optimum 1.0; Optimum 2.0; sMVS; non-users) 

and Time (T12; T24; T36), and their interaction term, plus the random effect of the 

participants. Time entered the model as a repeated measure using a first-order 

autoregressive structure with heterogeneous variances. BMI was used as a covariate, 

entering the model as a fixed effect. Results are presented as estimated marginal mean 

± standard error. Means and standard deviations of the original serum data at the 

different time points can be found in Supplementary table 1.  

The prevalence of deficiencies at each time point was analyzed using Chi-Square tests 

(or Fisher's Exact test when >20% of expected counts were <5). In case of a significant 

main effect, post-hoc pairwise comparisons were performed. P-values of post-hoc tests 

were adjusted using the Bonferroni correction.  

All statistical analyses were performed using IBM SPSS Statistics 25 for Windows (IBM 

Corp., Armonk USA). A two-sided P-value below 0.05 was considered statistically 

significant. 
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Results 
Preoperative characteristics of the study population at baseline (n=225) were 

comparable to those of the study population at T12 (n=193), T24 (n=176) and T36 

(n=140) with respect to sex, age, BMI and comorbidities (Table 3). At baseline, 76% of 

the participants were female, with a median age of 38.4 [29.0-47.5] years and a median 

BMI of 45.5 [40.6-54.1] kg/m2. During follow-up, median BMI declined to 30.8 [26.7-36.6] 

kg/m2 at T24 and 30.3 [27.2-35.8] kg/m2 at T36, with a median TWL of 32.1 [24.1-38.8] 

percent and 30.0 [22.1-35.5] percent, respectively. After the intervention period (T12), 

23% of the study population used Optimum 1.0, 18% used Optimum 2.0, 46% used a 

sMVS and 12% of the participants were non-users. During follow-up, Optimum 1.0 was 

used by 37% at T24 and 33% at T36, Optimum 2.0 by 18% and 16%, and sMVS by 27% 

and 28%. The group of non-users increased from 18% at T24 to 24% at T36.  

 

Micronutrient serum concentrations 

Changes in serum concentrations over time for the four groups are shown in Figure 2. 

Significant main effects of MVS were found for folic acid, vitamin B12 and corrected 

calcium. Serum folic acid concentrations were highest in Optimum 2.0 users (26.2 ± 1.2  

nmol/L) followed by Optimum 1.0 users (21.9 ± 0.9 nmol/L) and sMVS users (17.6 ± 0.8 

nmol/L), and lowest in the non-users (13.8 ± 1.0 nmol/L), P<0.05 for all. Serum vitamin 

B12 concentrations were also lowest in non-users (253.9 ± 11.3 pmol/L) compared to all 

other groups (P<0.01 for all). Corrected calcium concentrations were higher in Optimum 

1.0 users (2.37 ± 0.01 mmol/L) than in non-users (2.33 ±0.01 mmol/L), P=0.02.  

For hemoglobin and vitamin D, there was a significant interaction between MVS and 

time, indicating that serum hemoglobin and vitamin D concentrations differed 

significantly over time between the four groups. Serum hemoglobin concentrations were 

comparable between all groups at T12 and T24 but higher in Optimum 1.0 users (8.7 ± 

0.08 mmol/L) compared to sMVS users (8.3 ± 0.08 mmol/L, P<0.01) and non-users (8.4 ± 

0.09 mmol/L, P=0.04) at T36. For vitamin D, serum concentrations were similar for all 

groups at T12 and higher in Optimum 1.0 users (90.9 ± 2.9 nmol/L) and Optimum 2.0 

users (91.4 ± 4.2 nmol/L) than in non-users (75.4 ± 3.5 nmol/L, P<0.01 for both) at T24. 

At T36, serum vitamin D concentrations were also higher in the Optimum 1.0 group (90.0 

± 3.7 nmol/L) compared to the group of non-users (64.7 ± 4.1 nmol/L, P<0.001) as well 

as the sMVS group (66.5 ± 3.9 nmol/L, P<0.001). Serum vitamin D concentrations of the 

Optimum 2.0 group (74.6 ± 5.5 nmol/L) were no longer different from the other groups 

at T36. No differences between the groups were observed for MCV, ferritin, PTH and 

albumin. 
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Micronutrient deficiencies 

During follow-up, the number of deficiencies for folic acid (T24, T36) and vitamin D (T36) 

were significantly different between the four groups (P<0.01 for all, Table 4). For folic 

acid, the number of deficiencies was lower in the Optimum 1.0 group compared to the 

group of non-users at both T24 (1.6% vs 21.9%, P=0.01) and T36 (0% vs 24.2%, P<0.01). 

The number of vitamin D deficiencies at T36 was also lowest in the Optimum 1.0 group 

(2.2%), compared to all other groups (respectively 26.3%, 35.1% and 32.3% for Optimum 

2.0, sMVS and non-users, P<0.05 for all). At T36, the prevalence of vitamin B12 deficiency 

tended to be lower in the Optimum 2.0 group with no deficiencies observed in this group, 

compared to 12.1% in the Optimum 1.0 group, 9.4% in the sMVS group and 20.8% in the 

group of non-users (P>0.05).  

Overall, the number of participants with one or more micronutrient deficiencies during 

follow-up was markedly lower in the Optimum 1.0 (32.4%) and Optimum 2.0 (28.3%) 

group, than in the sMVS group (49.4%) and the group of non-users (66.2%), P<0.001. For 

the Optimum users, anemia and deficiencies for vitamin B12 (Optimum 1.0) and vitamin 

D (Optimum 2.0) were most prevalent whereas in the group of sMVS and non-users, 

deficiencies for folic acid, vitamin B12 and vitamin D were most common. 

 

Elevated serum levels  

Elevated serum levels during follow-up were more prevalent in Optimum users than in 

sMVS and non-users. At T24, serum ferritin levels above the normal range (>300 ng/mL) 

were observed in 6.6% and 21.4% of the Optimum 1.0 and 2.0 users vs 0% and 3.1% of 

the sMVS-users and non-users (P<0.01). At T36, the prevalence of elevated serum ferritin 

levels was no longer significantly different between the groups as it decreased to 5.0% 

in the Optimum 2.0 group. Serum vitamin B12 levels above the normal range (>600 

pmol/L) were mostly observed in the Optimum 2.0 group at both timepoints (12.0%, 

15.8%), followed by the Optimum 1.0 users (2.0%, 0%) and sMVS users (0%, 3.1%) (P<0.05 

for both). There were no elevated serum levels for vitamin B12 observed in the non-users 

group. 
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Discussion 
Despite previous research and multiple guidelines, no multivitamin supplement has been 

able to consistently sustain normal serum concentrations for all micronutrients. The 

present study found that users of specialized MVS (WLS Optimum 1.0 and 2.0) had higher 

serum concentrations of hemoglobin, folic acid, vitamin B12, vitamin D and corrected 

calcium compared to sMVS users and non-users three years after SG. Similar trends were 

found for ferritin, although not statistically significant. Overall, least micronutrient 

deficiencies were also found for users of specialized MVS, followed by sMVS users. Non-

users presented with the most deficiencies as well as the lowest serum concentrations 

for almost all micronutrients.  
 

Over time, supplement use varied and adherence to MVS declined with less than half of 

the participants consistently using the same MVS throughout follow-up and the 

percentage of non-users increasing up to 24% at three years after SG. This is in line with 

previous research on adherence to supplementation regimes after bariatric surgery with 

(self-reported) compliance rates ranging between 37-93% up to five years post-surgery 

[7, 14, 15, 17-20]. Besides commonly reported barriers as gastrointestinal side effects, 

and poor taste, smell, size and high costs of MVS [13, 15, 19], some patients believe that 

their diet provides sufficient nutrients and therefore do not feel the need to use MVS [15, 

19]. This is concerning as we found that about 66% of the non-users in this study 

presented with one or more nutrient deficiencies during follow-up, whereas this was only 

about 30% in the groups that used a specialized MVS. Moreover, serum concentrations 

of almost all evaluated micronutrients were lowest in the group of non-users throughout 

follow-up. This in line with a study of Dagan et al. including 77 SG patients, that showed 

that adherence to multivitamin supplementation at 12 months was significantly 

associated with higher serum levels of hemoglobin, iron, folic acid, and vitamins B12 and 

D [14]. As with the general adherence to medical follow-up visits after bariatric surgery, 

compliance with post-surgery supplementation protocols tends to decrease with time 

from surgery [7, 13-16]. As a result, nutritional status may worsen over time. This 

reinforces the need for long-term nutritional follow-up and counseling while taking 

patients' barriers related to supplementation use into account. 
 

The increase in the level of folic acid (300 ug to 500 ug) and vitamin B12 (10 ug to 100 

ug) between the first and second version of WLS Optimum was clearly reflected in higher 

serum concentrations for these micronutrients in the Optimum 2.0 group. For vitamin 

B12, this also resulted in fewer vitamin B12 deficiencies in the Optimum 2.0 group 

compared to the Optimum 1.0 group, although these findings did not reach statistical 
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significance. In contrast, the 10-fold increase in vitamin D (7.5 to 75 µg) did not 

consistently result in higher serum vitamin D concentrations in the Optimum 2.0 group 

throughout follow-up. At T24, Optimum 2.0 users showed higher serum vitamin D 

concentrations and fewer vitamin D deficiencies than Optimum 1.0 users, whereas the 

opposite was observed at T36 with 26% of the Optimum 2.0 users being vitamin D 

deficient compared to 2% of the Optimum 1.0 users. This could have been caused by 

seasonal differences in the timing of follow-up measurements as vitamin D levels are 

highly influenced by the amount of sun exposure [21]. The number of patients 

completing their follow-up measurements between November and April, which is the 

period of low sun exposure in the northern latitudes [22], was indeed markedly higher in 

the Optimum 2.0 group compared to the Optimum 1.0 group, especially at three years 

of follow up (77% vs 50%). Furthermore, a difference in compliance to the standard 

postoperative calcium/vitamin D3 supplementation regimen could have also impacted 

our findings with regard to vitamin D status. 
 

The level of elementary iron in WLS Optimum was increased from 21 mg in Optimum 1.0 

to 28 mg in Optimum 2.0, but this did not result in fewer iron deficiencies (expressed as 

low ferritin levels) in the latter group. In fact, the number of iron deficiencies was 

comparable between all groups, ranging from 7-16% at two years and from 10-13% at 

three years of follow-up, which is lower than reported in previous literature (17-59% at 

2-4 years after SG) [8, 9, 20, 23-25]. Although serum ferritin concentrations were highest 

in Optimum 2.0 users at each specific time point, we still observed a decrease in serum 

levels over time in this group. In a recent systematic review and meta-analysis including 

82 studies on longitudinal changes in micronutrient status after bariatric surgery, ferritin 

levels also decreased at 24 months after SG despite supplementation per guidelines [26]. 

The observed decrease in serum ferritin concentration might have been secondary to 

depletion of the body's iron reserves after bariatric surgery as the prevalence of anemia 

in the Optimum 2.0 group also increased from 13% at T24 to 18% at T36, suggesting that 

the body's iron stores were not sufficient to prevent patients from developing iron-

deficiency anemia. This could indicate that 28 mg elementary iron is not sufficient to keep 

serum ferritin concentrations stable on the longer term, particularly in patients who are 

at higher risk such as premenopausal women. Alternate day dosing of iron could be an 

alternative solution as it significantly increases iron absorption and results in a lower 

incidence of gastrointestinal side effects compared with dosing iron every day [27, 28]. 

On the other hand, elevated serum ferritin levels were most frequently observed in the 

Optimum 2.0 group, showing the complexity of micronutrient supplementation. 
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Overall, elevated serum levels during follow-up were more prevalent in Optimum users 

compared to sMVS-users and non-users. Yet, it is important to note that certain nutrients 

such as folic acid are highly sensitive to recent intake [29, 30]. Healthcare practitioners 

may therefore suggest fasting from MVS intake up to 12-24 hours prior to a blood test. 

Regarding folic acid, the upper assay limit of 45 nmol/L also hindered to assess whether 

plasma levels were extremely elevated. However, this was the case in only 15 patients.  

Clinical manifestations of toxicity have not been actively investigated in the present 

study, but no adverse events due to hypervitaminosis were reported. Yet, toxicity on the 

long term is largely unknown. For example, high plasma concentrations of vitamin B12 

have been associated with increased risks of certain types of cancer [31, 32] and all-cause 

mortality [33]. Observational data that evaluate the long-term consequences of 

supplementing such high doses in this patient population are needed. 

 

The main strength of this study is that it is one of the first that evaluates mid-term 

micronutrient status after SG, while discriminating between different types of MVS. By 

using mixed-effects models analysis, we approximated the longitudinal effect of MVS 

use as much as possible, but we could not prevent potential cross-over effects resulting 

from switching between different MVS formulations in-between time points. As only a 

small number of participants consistently used the same MVS throughout the follow-up 

period, we were not able to determine the efficacy of supplementation within these 

subgroups and to take compliance into account. Other limitations include the changes 

in composition of WLS Optimum over time and the high number of participants who 

were lost to follow-up, which resulted in a lack of statistical power, particularly for the 

analyses on micronutrient deficiencies.  

 

Conclusion 
Evidently, there is no one-size-fits-all formulation when it comes to multivitamin 

supplementation after sleeve gastrectomy. Even specialized supplementation that is 

specifically targeted to the needs of this patient population could not completely prevent 

micronutrient deficiencies from occurring. Nevertheless, daily use of specialized MVS is 

markedly more effective in sustaining normal serum concentrations than standard, over-

the-counter supplementation. Non-users of MVS presented with most micronutrient 

deficiencies and will evidently develop poor nutritional status on the longer term, 

reinforcing the need of long-term nutritional follow-up and counseling while taking 

patients' barriers related to supplementation use into account.  
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Abstract 
 

Background: Lifelong multivitamin supplementation (MVS) after bariatric surgery 

is recommended to prevent nutritional deficiencies. Despite this advice, 

deficiencies are common which may be due to poor adherence to MVS intake. The 

aim of this study was to identify which factors affect patient adherence to MVS 

intake after bariatric surgery. 

 

Methods: A 42-item questionnaire was sent to 15,424 patients from four bariatric 

centers in the Netherlands. In total, 4614 patients were included in the study, and 

MVS users (n=4274, 92.6%) were compared to non-users (n=340, 7.4%). Most 

patients underwent Roux-en-Y gastric bypass (64.3%) or sleeve gastrectomy 

(32.3%). 

 

Results: Overall, 710 patients (15.4%) reported inconsistent MVS use and 340 

patients (7.4%) did not use any MVS. For inconsistent MVS users, most reported 

reasons included forgetting daily intake (68.3%), gastrointestinal side effects of 

MVS (25.6%) and unpleasant smell or taste of MVS (22.7%), whereas for non-users 

general gastrointestinal side effects (58.5%), high costs of MVS (13.5%) and the 

absence of deficiencies (20.9%) were most frequently reported. Overall, 28.5% of 

the patients were dissatisfied about instructions on MVS use, attention paid to 

MVS use during medical consultations and the extent to which personal 

preferences were taken into account. 

 

Conclusion: The attitude of bariatric patients towards MVS use is predominantly 

negative. It is important to provide accurate information on different options of 

MVS and collect information about patient's personal preferences when 

prescribing supplements. Improving adherence to MVS intake is challenging and 

requires implementation of a shared decision-making process, further 

optimization of MVS formulations and exploring options for reimbursement. 
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Introduction 

Worldwide, severe obesity is a fast-growing problem for which bariatric surgery is an 

effective treatment to lose weight and improve obesity-related comorbidities, including 

hypertension, dyslipidemia, type 2 diabetes mellitus and obstructive sleep apnea 

syndrome [1]. In spite of multiple clinical benefits, all bariatric procedures alter the 

anatomy and physiology of the gastrointestinal tract to variable degrees. As a result, 

patients are more susceptible to developing nutritional deficiencies. Therefore, lifelong 

use of multivitamin supplementation (MVS) is recommended [2-4]. However, therapeutic 

non-adherence to MVS intake after bariatric surgery is frequently encountered in both 

clinical practice and research, and is therefore a major topic of discussion [5, 6]. Despite 

proven safety and effectiveness, a large number of bariatric patients stop taking MVS or 

become less consistent with MVS intake over time. Potential barriers and facilitators of 

non-adherence have recently been described in a narrative review by our group [7], but 

research in the population of bariatric patients is lacking. The aim of this study is to 

identify which factors affect patient adherence to MVS intake after bariatric surgery from 

the patient's perspective. 

 

Methods 

We conducted a cross-sectional, non-validated 42-item survey among bariatric patients 

from four high-volume bariatric centers in the Netherlands: Catharina Hospital 

Eindhoven (CZE), Rijnstate Hospital Arnhem (RHA), Franciscus Gasthuis & Vlietland (FGV) 

and Onze Lieve Vrouwe Gasthuis (OLVG). All questions were multiple-choice and divided 

into four topics: patient-related factors, MVS-related factors, psychosocial and 

economic-related factors and healthcare-related factors. The format of these topics was 

established based on the study by Jin et al. [8]. A previous review on potential influential 

factors for adherence to MVS intake by our research group was used as input for the 

questionnaire [7]. 

We included patients who underwent bariatric surgery from 2010 to 2020, including 

Roux-en-Y gastric bypass (RYGB), sleeve gastrectomy (SG), one-anastomosis gastric 

bypass, single anastomosis duodenal-ileal bypass and duodenal switch. Patients who 

underwent revisional and/or secondary surgery were also included. Exclusion criteria 

were incomplete questionnaires and reversal of the bariatric procedure ('undo surgery'). 

In total, 15,424 patients were recruited between October and December 2020 (Figure 1).  

All data were anonymously collected in Data Management (Research Manager, 

Deventer, The Netherlands). Digital informed consent was obtained from all participants.  
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Figure 1. Flowchart of patient inclusion. 

RHA, Rijnstate Hospital Arnhem; FGV, Franciscus Gasthuis & Vlietland; CZE, Catharina Hospital Eindhoven; OLVG, 

Onze Lieve Vrouwe Gasthuis. 

 

 

Statistical analysis  

Continuous data are presented as mean ± standard deviation for normally distributed 

data and as median [Q1-Q3] for non-normally distributed data. Categorical variables are 

presented as frequencies and percentages.  

Differences in outcomes between MVS users and non-users were compared using 

independent t-tests and Mann-Whitney U tests for normally distributed and non-

normally distributed continuous variables, respectively. Chi-square tests were used for 

comparing categorical variables. 

All statistical analyses were performed using IBM SPSS Statistics 25 for Windows (IBM 

Corp., Armonk USA). A two-sided P-value below 0.05 was considered statistically 

significant. 
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Results 
Patient-related factors 

In total, 5239 patients (34%) signed the informed consent of which 4614 patients were 

available for analysis (Figure 1). The study population was divided into two groups: MVS 

users (n=4274, 92.6%) and non-users (n=340, 7.4%) (Table 1). Both groups were similar 

with respect to gender, educational level, body weight and BMI. In comparison with MVS 

users, non-users were younger (51.0 [43.0-57.0] years vs 43.0 [33.0–53.0] years) and 

differed in marital status, type of surgery and time since surgery (P<0.01 for all).  

 
Table 1. General characteristics of the total study population, MVS users and non-users. 

 Total group  

(n=4614) 

MVS users  

(n=4274) 

Non-users  

(n=340) 

P-value 

Age (years) 51.0 [43.0-57.0] 51.0 [43.0-57.0] 43.0 [33.0-53.0] <0.001 

Gender (male) 930 (20.2) 871 (20.4) 59 (17.4) 0.18 

Marital status    0.001 

    Single 772 (16.7) 694 (16.2) 78 (22.9)  

    Living with partner 606 (13.1) 547 (12.8) 59 (17.4)  

    Married or registered   

    partnership 

2900 (62.9) 2721 (63.7) 179 (52.6)  

    Divorced or separated 251 (5.4) 233 (5.5) 18 (5.3)  

    Widowed 85 (1.8) 79 (1.8) 6 (1.8)  

Education level1    0.62 

    Low 1165 (25.2) 1085 (25.4) 80 (23.5)  

    Medium 2062 (44.7) 1902 (44.5) 160 (47.1)  

    High 1387 (30.1) 1287 (30.1) 100 (29.4)  

Body weight (kg) 84.0 [73.6-97.0] 84.0 [73.5-97.0] 85.0 [74.1-98.8] 0.26 

BMI (kg/m2) 28.7 [25.7-32.4] 28.7 [25.7-32.4] 28.7 [25.9-33.2] 0.47 

Type of surgery    <0.001 

    RYGB 2966 (64.3) 2819 (66.0) 147 (43.2)  

    SG 1490 (32.3) 1305 (30.5) 185 (54.4)  

    OAGB 108 (2.3) 105 (2.5) 3 (0.9)  

    Other 43 (0.9) 39 (0.9) 4 (1.2)  

    Unknown 7 (0.2) 6 (0.1) 1 (0.3)  

Time since surgery    <0.001 

    0-1 years 680 (14.7) 658 (15.4) 22 (6.5)  

    1-2 years 1071 (23.2) 1024 (24.0) 47 (13.8)  

    2-3 years 1096 (23.8) 1011 (23.7) 85 (25.0)  

    3-4 years 866 (18.8) 771 (18.0) 95 (27.9)  

    4-5 years 570 (12.4) 521 (12.2) 49 (14.4)  

    >5 years 331 (7.2) 289 (6.8) 42 (12.4)  
Data are presented as median [Q1-Q3] and frequency (percentage). 

MVS, multivitamin supplementation; BMI, body mass index; RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy; OAGB, one-

anastomosis gastric bypass. 
1 Low education = primary education and prevocational secondary education; medium education = senior general secondary 

education, pre-university education and secondary vocational education; high education = higher vocational education and 

university. 
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MVS-related factors  

In total, 4274 patients (92.6%) used a MVS after bariatric surgery. The majority of the MVS 

users (85.2%) used specifically designed 'weight loss surgery' (WLS) MVS, of which most 

used the formulations of 'FitForMe' (69.5%). Other reported WLS formulations were 

'Vitamine op recept' (8.5%), 'Flindall' (3.9%) and 'Elan' (3.0%). A small part of the MVS 

users (12.7%) used regular over-the-counter MVS.  

Of all MVS users, 15.4% did not take their MVS consistently, for which most frequently 

reported reasons were 'forgetting daily intake' (68.3%), 'gastrointestinal side effects' (e.g. 

dyspepsia, difficulty with swallowing; 25.6%) and 'unpleasant smell or taste' (22.7%) 

(Figure 2). Moreover, 17.0% reported that scheduling their daily intake is difficult 

because of interactions with the calcium/vitamin D supplement or other medication. 

They believed that their MVS intake would improve if they could take all tablets at the 

same time. The majority of the non-users stopped taking MVS more than one year after 

surgery (52.7%). Compared to MVS users with inconsistent MVS intake, non-users 

reported different reasons for non-compliance with daily MVS intake (Figure 2). For non-

users, gastrointestinal side effects of MVS were also a major factor (58.5%), as well as 

high costs of MVS (13.5%). A large part of the non-users also believed that they do not 

require any MVS as their laboratory results are good and they feel physically fit (20.9%).  

In both groups, a small part of the patients reduced or stopped MVS intake on advice of 

their physician due to elevated serum levels. 

 

 
Figure 2. Reported reasons for non-compliance with MVS for inconsistent MVS users and non-users.  
*P<0.05, ***P<0.001. 
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Gastrointestinal complaints 

In this paragraph, a distinction is made between post-operative gastrointestinal 

complaints in general (independent of MVS intake) and gastrointestinal side effects that 

are directly related to MVS intake.  

General post-operative gastrointestinal complaints occurred more often in non-users 

than in MVS users (37.4% vs 26.3%, P<0.001). Most reported complaints included nausea, 

vomiting, difficulty with swallowing, abdominal bloating, (abdominal) pain or stomach 

cramps and dumping (Figure 3a). Less frequent reported complaints were diarrhea, 

gastro-esophageal reflux disease (GERD), belching and hiccups. The frequency of 

complaints was significantly different between both groups (Figure 3b). Most non-users 

experienced these complaints daily while this was a few days per week or month for most 

MVS users. Gastrointestinal complaints that were directly related to MVS intake were 

reported by 58.5% of the non-users. Most frequently reported complaints were nausea 

(85.4%), excessive belching and hiccups (43.7%), vomiting (42.7%), difficulty with 

swallowing (40.2%), bloated feeling (21.1%) and reflux (18.1%). These complaints 

occurred immediately after ingestion (29.4%), 5-10 minutes after ingestion (43.8%), 15-

30 minutes after ingestion (18.6%) or more than one hour after ingestion (5.2%). For the 

majority, these complaints have arisen directly after starting MVS use (72.7%). After 

discontinuation of MVS use, 61.9% was free of complaints, while complaints reduced in 

12.9% and worsened in 4.1%. In 17.0%, no differences were observed.  

 

 

 

 

Figure 3a. Reported gastrointestinal complaints 
for MVS users and non-users.  
Multiple answers were possible. 

Figure 3b. Frequency of reported 
gastrointestinal complaints for MVS users 
and non-users. 
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Psychosocial and economic-related factors 

Differences in psychosocial-related factors are described in Table 2. Of the MVS users, 

10.6% was not motivated for daily MVS intake compared to 69.1% of the non-users 

(P<0.001). For the total study population, most reported reasons for poor motivation 

were absence of deficiencies (15.9%), absence of complaints (20.8%) or a combination of 

both (32.4%). Other reported factors included experiencing gastrointestinal side effects 

directly after MVS intake (10.4%) and the unpleasant smell, taste and/or size of MVS 

(2.9%). Some patients reported to only take their MVS because the healthcare 

professional tells them they have to take them. Moreover, some patients believed that 

they receive plenty of nutrients from their diet and therefore do not need to use MVS. A 

quarter of the non-users believed that the risk of nutrient deficiencies cannot be reduced 

by using MVS, compared to 9.1% of the MVS-users (P<0.001). The lifelong aspect of daily 

MVS intake is also a barrier for many patients (38.0% vs 60.6% for MVS-users vs non-

users, P<0.001). The majority of these patients think that their adherence would be better 

if the treatment period was shorter (40.3% vs 64.6% for MVS-users vs non-users, 

P<0.001).  

Strikingly, 72.3% of the MVS users reported no disadvantages of MVS use compared to 

39.1% of the non-users (P<0.001). Similar to the reported reasons for demotivation, 

expected disadvantages from MVS use also include the high costs (17.0%), unpleasant 

side effects (12.2%), and risk of elevated serum levels (7.9%). Most of the MVS users 

though that the price of MVS is acceptable (60.6%), whereas most non-users found the 

price too high (61.2%). Many patients indicated that reimbursement of supplements 

would improve their adherence to MVS intake (38.1% vs. 43.5% for MVS-users vs non-

users, P=0.049).  

Overall, non-users were more often dissatisfied about the achieved postoperative weight 

loss compared to MVS-users (32.9% vs 21.0%, P<0.001) and 14.7% believed that MVS 

use has influenced their postoperative weight loss (15.2% vs 7.4% for MVS users vs non-

users, P<0.001). Similarly, more non-users reported to receive no emotional support for 

lifestyle changes after bariatric surgery compared to MVS-users (30.9% vs. 18.3%, 

P<0.001). However, the majority of all patients (79.0%) reported that their MVS intake is 

not better because of this emotional support (78.0% vs 92.8% for MVS-users vs non-

users, P<0.001).  
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Table 2. Differences in psychosocial-related factors between MVS users and non-users. 

 MVS users 

(n=4274) 

Non-users 

(n=340) 

 P-value 

Are you motivated to use MVS lifelong?  

Yes 

No  

Why are you not motivated?  

Good blood tests 

No complaints 

Good blood tests and no complaints  

Gastrointestinal side effects after MVS intake 

Unpleasant smell/taste/size 

Other  

 

3819 (89.4) 

455 (10.6) 

 

72 (15.8) 

104 (22.8) 

136 (29.8) 

47 (10.3) 

11 (2.4) 

86 (18.9) 

 

105 (30.9) 

235 (69.1) 

 

38 (16.2) 

40 (17.0) 

88 (37.4) 

25 (10.6) 

9 (3.8) 

35 (14.9) 

<0.001 

Do you know why it is important to use MVS lifelong?1 

To prevent nutrient deficiencies  

To feel fit and energetic  

To strengthen the immune system 

To lose more weight 

Because the physician tells me to take them 

I don't know  

 

4058 (94.9) 

1894 (44.3) 

1821 (42.6) 

34 (0.8) 

200 (4.7) 

41 (1.0) 

 

300 (88.2) 

159 (46.8) 

131 (38.5) 

8 (2.4) 

38 (11.2) 

16 (4.7) 

- 

What disadvantages do you expect from MVS use? 1 

None 

Unpleasant side effects  

The (high) costs of MVS 

The risk of elevated serum levels 

Having no effect on serum levels 

The physician having shares in MVS 

Lower weight loss  

Other 

 

3088 (72.3) 

443 (10.4) 

719 (16.8) 

331 (7.7) 

138 (3.2) 

66 (1.5) 

58 (1.4) 

50 (1.2) 

 

133 (39.1) 

120 (35.3) 

66 (19.4) 

32 (9.4) 

44 (12.9) 

9 (2.6) 

4 (1.2) 

8 (2.4) 

- 

Do you receive emotional support for lifestyle changes after 

surgery?1 

No 

Yes, from my partner 

Yes, from family 

Yes, from friends 

Yes, from healthcare professionals  

Is your MVS intake better because of this emotional 

support? 

Yes 

No 

 

 

782 (18.3) 

2463 (57.6) 

2247 (52.6) 

1618 (37.9) 

1333 (31.2) 

 

 

767 (22.0) 

2725 (78.0) 

 

 

105 (30.9) 

171 (50.3) 

161 (47.4) 

98 (28.8) 

58 (17.1) 

 

 

17 (7.2) 

218 (92.8) 

- 

 

 

 

 

 

 

<0.001 

Data are presented as frequency (percentage). 

MVS, multivitamin supplementation. 
1 multiple answers were possible. 
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Healthcare-related factors 

Compared to MVS users, non-users were more often dissatisfied with the instructions 

provided on the importance of MVS use, attention paid to MVS use during medical 

consultations and the extent to which personal preferences of MVS use were taken into 

account (P<0.001 for all, Figure 4). Most frequently reported reasons for scoring poor or 

inadequate on one of these subscales (n=1315, 28.5%) were 'information is too general' 

(57.1%), 'personal preferences are not taken into account' (51.0%) and 'there is not 

enough time for adequate information about MVS during medical consultations' 

(36.5%). Other reasons were that patients needed to actively ask for information by 

themselves (28.9%) and that the consultation time was too short (23.5%). Less frequently 

reported reasons were that the patient was only told what he or she was doing wrong 

(9.4%), healthcare professionals only advised one type of MVS formulation and did not 

provide alternatives (6.5%), the patient did not feel understood (5.1%) and other reasons 

(Covid-19, topic of MVS was not discussed and misunderstanding the physician). 

Topics that were reported to be unclear or missing were information about side effects 

(17.8%), disadvantages (12.2%) and benefits (4.9%) of MVS use. Moreover, patients 

reported that they do not know when (6.8%) or how (4.1%) to take their MVS. Some 

experienced a lack of information about alternative MVS options and what to do in case 

of complaints (3.0%). Half of all patients reported that their healthcare professional did 

not ask about MVS-related complaints (50.6% vs 42.4% for MVS users and non-users, 

P<0.001).  
 

 
Figure 4. Rating scores of healthcare-related factors for MVS users and non-users.  

***P<0.001. 
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Discussion 
Overall, adherence to MVS intake was poor in 22.8% of all included patients, of which 

one third did not use any MVS. This non-adherence rate is in line with the review of 

Zarshenas et al. (20-32%) [9, 10]. An important difference between the MVS users and 

non-users in this study was the time since surgery, which was shorter for MVS users. In 

the study of Ben-Porat et al., 92.6% of the patients took MVS during the first 

postoperative year, whereas only 37.0% took MVS at 4 years post-surgery [11]. It is 

plausible that adherence to MVS intake is better in the first postoperative year due to an 

intensive follow-up compared to multiple years after surgery when most patients are 

often no longer supervised. The number of compliant MVS users in our study could 

therefore be overestimated. However, irrespective of adherence to MVS intake, the 

attitude of many bariatric patients towards MVS use was predominantly negative.  

 

Barriers influencing adherence to MVS intake 

Most frequently reported reasons to stop taking MVS (consistently) are gastrointestinal 

complaints, high costs and an unpleasant smell, taste or size of MVS. About one third of 

the patients suffered from gastrointestinal complaints and half of the patients indicated 

that healthcare professionals did not discuss these complaints during medical 

consultations, letting this problem underexposed.  

A large part of the non-users believed that they do not need to take any MVS because 

their laboratory results are good and they feel fit. The majority of all patients understand 

that MVS is necessary, but not everyone seems convinced of the advantages of 

specialized WLS MVS. Patients often believe that the costs of WLS MVS do not outweigh 

the benefits, which can lead to lower adherence. However, it has been shown by Homan 

et al. that adequate supplementation results in less deficiencies and reduces overall 

healthcare costs [12]. Total costs per patient for prevention and treatment of vitamin 

deficiencies were €306 (regular MVS users) vs €216 (WLS MVS users) every three months, 

with a risk of developing a vitamin deficiency of 30% (regular MVS) vs 14% (WLS MVS) 

[12]. 

Dissatisfaction with medical consultations is another striking topic of this survey study. A 

third of the patients in our study was dissatisfied with the explanation about, and 

awareness for MVS use. Many patients indicated that the information on MVS use is too 

general and limited and that their personal preferences are not taken into account. 

Healthcare professionals often recommend one type of MVS supplement and patients 

therefore cannot choose which supplement suits their preferences. All of these issues 

may consequently contribute to poor motivation for adequate MVS intake.  
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The study by Osterberg et al. described that healthcare professionals contribute to 

patients' poor adherence by prescribing complex medication regimens, failing to explain 

side effects and benefits, not giving consideration to patients' lifestyle or the attributed 

costs of MVS, which may lead to a poor relationship with their patients [13]. In addition, 

the overall ability of healthcare professionals to recognize patients' non-adherence is 

poor [13]. These findings are confirmed by our study as many patients indicated to have 

received a lack of proper information. These healthcare-related findings are quite similar 

to those found in long-term adherence studies in other chronic diseases [7].  
 

Challenges to improve adherence to MVS intake 

There are three different parties that can improve patient adherence to MVS intake after 

bariatric surgery. 

First, the healthcare professionals play a large part in improving satisfaction and patient 

adherence to MVS intake. They need to provide better education on MVS use and 

implement better shared-decision making with patients after bariatric surgery. 

Explanation about the necessity of MVS after bariatric surgery is an essential point, but 

MVS advices by healthcare professionals are often not in line with patients' personal 

preferences. There are several options for using MVS, all with pros and cons, which 

therefore should always be discussed during consultations to increase patient 

satisfaction. In addition, gastrointestinal complaints, in general or related to MVS intake, 

should also be part of the medical consultation in order to improve patient adherence to 

MVS intake. Assessment, prevention and management of gastrointestinal complaints are 

important parts of postoperative bariatric care, which is also described in the study by 

Zarshenas et al. [10]. Besides that, there should be more focus on improving the 

relationship between patient and healthcare professional. Having knowledge of patients' 

perceptions, beliefs and their personal circumstances is crucial for a decision-making 

process. It needs to be taken into account that the preferences of bariatric patients may 

differ considerably from those of the healthcare professional. Thus, the solution lies in 

shared decision-making (SDM) [14]. SDM describes the process where the patient must 

be well-informed, and patient preferences must become a more important part during 

medical consultations. The emphasis is not on the final decision but on the process that 

works towards this decision. Several studies show that SDM has a positive effect on the 

interaction between patient and healthcare professional. It increases the patient's level 

of knowledge, which leads to more accurate risk assessment of treatment options and 

increases patient assertiveness during SDM [15-20]. Application of SDM in MVS use after 

bariatric surgery could therefore be a breakthrough in improving the adherence.  
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Second, MVS manufactures can increase MVS adherence by further optimizing their 

supplements. MVS formulations should be scrutinized due to the high percentage of 

gastrointestinal side effects and an unpleasant taste and smell, which is indicated as an 

important barrier by many patients in our study. A significant decrease in intensity of 

taste and aversion to certain food types after bariatric surgery could be a contributing 

factor [21]. For this reason, many patients switch from WLS MVS to regular MVS. Many 

regular MVS have an enteric coating, which may reduce the unpleasant aftertaste that 

many patients suffer from. However, this type of coating is not desirable as the ability to 

absorb MVS is compromised after bariatric surgery [22]. A proper formula of 

supplements is necessary to ensure adequate absorption, which requires considerations 

of all drug substances and pharmaceutical ingredients [23]. An ideal combination of 

taste, appearance and color in supplements will contribute to its acceptance [24]. MVS 

manufacturers must investigate how these aspects can be improved while 

simultaneously ensuring adequate absorption. 

Third, insurance companies could contribute to the improvement of patient adherence 

to MVS intake by reimbursing supplements. Costs are a frequently reported reason for 

patients to stop using specialized WLS MVS. Reimbursement of supplements with 

proven effectiveness could improve the therapy adherence, which is indicated by many 

patients in our study. Therefore, healthcare authorities involved in the reimbursement of 

bariatric procedures should consider integrating costs of WLS MVS with post-operative 

follow-up. We believe that only reimbursing WLS MVS with proven effectiveness, based 

on extensive scientific research should be considered. This reimbursement will motivate 

many patients to switch to WLS MVS. 

 

Strengths and limitations 

A strength of this study is that all patients between 2010 and 2020 were recruited to avoid 

selection bias. Participation was anonymous, no information from the electronic patient 

file was retrieved. There was no risk or personal benefit, which reduced the risk of giving 

socially desirable answers. To provide accurate assessment of MVS intake, the questions 

were designed with a free text field option to avoid that answers possibilities were too 

limited. Since patients from four hospitals were included, the external validity of this 

study is high and results can be used by many (inter)national obesity centers.  

An important limitation is that 10,810 patients (70.1%) did not participate in this study. It 

is unclear whether these patients used a MVS. Long-term follow-up after bariatric 

surgery is poor despite clear international guidelines [25]. Furthermore, no validated 

questionnaire was used as such a questionnaire does not exist. However, our survey 
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study was intended to get a first impression of factors influencing adherence to MVS 

intake and to get insight into various topics for advice in daily practice. A validated 

questionnaire was therefore not required. Moreover, our questionnaire only contained 

self-reported patient data and provided subjective information that could not be verified 

due to the anonymous character, which could have caused both underestimation or 

overestimation of our findings. 

 

Future perspectives 

These results can be used for further hypothesis-generating research such as research 

into the influence of different bariatric procedures (primary vs revisional surgery) and 

time after surgery on patient adherence to MVS intake. It is important to analyze which 

patient groups are at higher risk for poor adherence to MVS intake and whether the 

percentage of deficiencies is higher in patients who do not use any MVS. The relationship 

between patient and healthcare professional and discrepancies between experiences 

from both perspectives are also important topics that need further clarification. Last, the 

development of tools supporting SDM in MVS use is important as well.  

 

Conclusion 
The attitude of many bariatric patients towards MVS use is predominantly negative. A 

large proportion of patients is dissatisfied with the advices on MVS intake during medical 

consultations and patients' personal preferences are often not taken into account. High 

costs, no reimbursement and gastrointestinal complaints lead to poor motivation for 

MVS intake. Gastrointestinal side effects, good laboratory results and an unpleasant taste 

and smell are the most frequently reported reasons for the discontinuation of MVS 

intake. It is important to take patients' preferences into account and to provide more 

extensive information about the different possibilities in MVS use.  

Challenges lie in improving patient adherence by implementing SDM in MVS use, further 

optimization of WLS MVS formulations and exploring options for reimbursement, which 

could be major contributing factors in reducing nutritional deficiencies following 

bariatric surgery. 
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Abstract 
 

Background: Current guidelines recommend to avoid pregnancy for 12-24 

months after bariatric surgery because of active weight loss and an increased risk 

of nutritional deficiencies. However, high quality evidence is lacking and only a few 

studies included data on gestational weight gain. We therefore evaluated 

pregnancy and neonatal outcomes by both surgery-to-conception interval and 

gestational weight gain. 

 

Methods: Multi-center retrospective analysis of 196 singleton pregnancies 

following Roux-en-Y gastric bypass, sleeve gastrectomy and one-anastomosis 

gastric bypass. Pregnancies were divided into the early group (≤12 months), the 

middle group (12-24 months) and the late group (>24 months) according to 

surgery-to-conception interval. Gestational weight gain was classified as 

inadequate, adequate or excessive according to the National Academy of 

Medicine recommendations.  

 

Results: Pregnancy in the early group (23.5%) was associated with lower 

gestational age at delivery (267.1 ± 19.9 days vs 272.7 ± 9.2, and 273.1 ± 13.5 days, 

P=0.03), lower gestational weight gain (-0.9 ± 11.0 kg vs +10.2 ± 5.6, and +10.0 ± 

6.4 kg, P<0.001) and lower neonatal birth weight (2979 ± 470 grams vs 3161 ± 481 

and 3211 ± 465 grams, P=0.01) than pregnancy in the middle and late group. 

Inadequate gestational weight gain (40.6%) was also associated with lower 

gestational age at delivery (266.5 ± 20.2 days vs 273.8 ± 8.4 days, P=0.002) and 

lower neonatal birth weight (3061 ± 511 grams vs 3217 ± 479 grams, P=0.053) 

compared to adequate weight gain. Additionally, preterm births were more 

frequently observed in this group (15.9% vs 6.0%, P=0.04). 

 

Conclusion: Our findings support the recommendation to avoid pregnancy for 12 

months after bariatric surgery. Specific attention is needed on achieving adequate 

gestational weight gain. 
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Introduction 

More than half of all female patients undergoing bariatric surgery are of reproductive 

age. Weight loss after bariatric surgery not only improves fertility [1], it also reduces the 

risk of gestational diabetes (GDM), hypertensive disorders and large-for-gestational age 

(LGA) neonates [2, 3]. On the other hand, infants born after maternal bariatric surgery 

may be at risk for preterm birth, admission to the neonatal intensive care unit and being 

small-for-gestational-age (SGA) [3-5]. These risks may be most pronounced in 

pregnancies within the first 12 months after surgery as this period theoretically carries 

the highest risk of malnutrition due to a markedly reduced caloric intake and rapid 

weight loss [6]. As a result, nutritional supply to the growing fetus may be decreased. 

Moreover, maternal caloric restriction and subsequent weight loss during this catabolic 

period may limit gestational weight gain. In 2009, the National Academy of Medicine 

(NAM; formerly known as the Institute of Medicine) presented recommendations on 

gestational weight gain according to the women's pregestational BMI [7]. In overweight 

and obese women, gestational weight gain below the lower limit of 5 kg is associated 

with an increased risk of SGA neonates and decreased neonatal birth weight, fat mass, 

lean mass, birth length and head circumference [8, 9]. 

Several organizations have proposed recommendations on timing of pregnancy 

following bariatric surgery, but uniformity and scientific evidence are lacking. According 

to the American Association of Clinical Endocrinology, the Obesity Society, and the 

American Society for Metabolic and Bariatric Surgery, pregnancy should be avoided for 

12-18 months following bariatric surgery (2013) [10] whereas The American College of 

Obstetricians and Gynecologists proposes a wider time interval of 12–24 months post-

surgery (2009, reconfirmed in 2019) [11]. Since the publication of these guidelines, 

several studies have evaluated pregnancy course and neonatal outcomes in women who 

conceived at different time intervals after surgery, but results are often limited by small 

sample sizes. Furthermore, only a few studies evaluated the impact of gestational weight 

gain [9, 12, 13].  

Therefore, the aim of this retrospective, multi-center study was to evaluate pregnancy 

and neonatal outcomes by surgery-to-conception interval and by adherence to the 

recommendations for gestational weight gain of the NAM. 

 

161

8

A matter of timing: Pregnancy after bariatric surgery



 

 

Methods 

Study design 

Data were extracted from medical records of female patients who previously underwent 

bariatric surgery and sought obstetric care at three large teaching hospitals in the 

Netherlands: Rijnstate hospital (Arnhem), Gelderse Vallei hospital (Ede) and Medical 

Centre Leeuwarden (Leeuwarden). Ethical approval for this study was obtained from all 

local Institutional Ethics Committees.  

All surgeries were performed between 2005 and 2018, and included Roux-en-Y gastric 

bypass (RYGB), one-anastomosis gastric bypass (OAGB) and sleeve gastrectomy (SG). All 

deliveries occurred between October 2007 and August 2019. Exclusion criteria were 

spontaneous abortions, elective termination of pregnancy, multiple births, pre-existing 

diabetes mellitus and insufficient data about pregnancy. 

 

Pregnancy and neonatal outcomes 

All pregnancies were categorized based on (1) surgery-to-conception interval and (2) 

adherence to the NAM recommendations for gestational weight gain [7]. 

Time from surgery to conception was defined as the period in months between the date 

of surgery and the date of conception. Conception date was estimated as 'first day of last 

menstrual period + 2 weeks' or as 'due date - 40 +2 weeks' when the first day of the last 

menstrual period was unknown. Based on the surgery-to-conception time interval, 

patients were categorized into three groups: the early group (≤12 months), the middle 

group (12-24 months) and the late group (>24 months). Gestational weight gain was 

calculated as the difference between late pregnancy weight and pre-pregnancy weight 

in kilograms. Pre-pregnancy weight was reported as weight at the first antenatal visit or 

self-reported weight before pregnancy. Late pregnancy weight was extracted from 

medical records four weeks before delivery, at the earliest. Subsequently, weight gain 

was classified as inadequate, adequate or excessive according to the NAM 

recommendations (Table 1) [7]. 

 
Table 1. National Academy of Medicine Weight Gain Recommendations for pregnancy [7]. 

Pre-pregnancy BMI Total weight gain (kg) 

Underweight (<18.5 kg/m2) 12.5 – 18.0 

Normal weight (18.5-24.9 kg/m2) 11.5 – 16.0 

Overweight (25.0-29.9 kg/m2) 7.0 – 11.5 

Obese (≥30.0 kg/m2) 5.0 – 9.0 

BMI, body mass index. 
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Primary outcome variables were gestational age at delivery, preterm birth, birthweight 

and weight-for-age percentile. Preterm birth was defined as <37 weeks of gestation, and 

very preterm birth as <32 weeks of gestation according to the World Health 

Organization classification. Weight-for-age percentiles were calculated using the Dutch 

Perined birthweight charts, stratified for sex and gestational age at delivery in days [14]. 

Subsequently, LGA neonates (>90th percentile) and SGA neonates (<10th percentile) 

were identified.  

Secondary outcome variables were Apgar score below 7 at 5 minutes, hospitalization of 

the neonate after birth, congenital defects and perinatal death. Cases of perinatal death 

were excluded for analyses of other neonatal outcomes. 

Additionally, pregnancy-related complications were examined including gestational 

diabetes mellitus (GDM; new-onset diabetes diagnosed by glucose monitoring), 

pregnancy-induced hypertension (new-onset hypertension, above 140/90 mmHg at two 

occasions), preeclampsia (hypertension and proteinuria) and postpartum hemorrhage 

(postpartum bleeding of ≥1000 ml).  

 

Statistical analysis 

Differences in pre-pregnancy characteristics according to surgery-to-conception 

interval and gestational weight gain were analyzed by using one-way ANOVA for 

continuous data and Chi-Square tests for categorical data. Pregnancy and neonatal 

outcomes were analyzed by using multiple linear and logistic regression models while 

adjusting for maternal age, gravidity, parity, smoking status, pre-pregnancy BMI and 

type of surgical procedure. The early group and the adequate weight gain group were 

used as reference groups. 

These analyses were performed on individual pregnancies, which made it possible for a 

woman to contribute more than one pregnancy. Therefore, a sensitivity analysis was 

performed by the Generalized-Estimating-Equation method with the mother's 

identification number as a cluster and assuming an exchangeable correlation structure 

to adjust for the possible dependence between pregnancies from the same mother. In 

another sensitivity analysis, inclusion was restricted to the first pregnancy per woman 

(exclusion of 33 pregnancies).  

All statistical analyses were performed using IBM SPSS Statistics 25 for Windows (IBM 

Corp., Armonk USA). A two-sided P-value below 0.05 was considered statistically 

significant. P-values of planned pairwise comparisons with the reference groups were 

corrected by using the Bonferroni method. 
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Results 

Demographic characteristics 

A total of 196 singleton pregnancies of 163 women who previously underwent bariatric 

surgery were included. The majority of the study population had a Caucasian ethnicity 

(87.8%). The most commonly performed bariatric procedure was RYGB (68.4%), followed 

by SG (23.5%) and OAGB (8.2%). Mean total body weight loss from surgery to conception 

was 30.9% and about half of the women still had obesity (BMI ≥30 kg/m2) at the time of 

conception. There were a few women with pre-existing hypertension (5.1%). 

 

Pregnancy and neonatal outcomes according to surgery-to-conception interval 

Table 2 shows pre-pregnancy characteristics, and pregnancy and neonatal outcomes 

according to surgery-to-conception interval. All groups were similar on pre-pregnancy 

characteristics, except for maternal age, pre-pregnancy BMI and type of surgical 

procedure (P<0.05 for all).  

Pregnancy occurred within 12 months after surgery in 23.5% (early group), within 12-24 

months in 21.9% (middle group) and after 24 months post-surgery in 54.6% of the 

pregnancies (late group). Mean time from surgery to conception was 7.6 ± 3 .5 months, 

19.8 ± 3.6 months and 48.5 ± 19.7 months, respectively. Mean gestational age was 

significantly lower in the early group compared to the late group (267.1 ± 19.9 days vs 

273.1 ± 13.5 days, P=0.03). There was also a trend towards more preterm births in the 

early group compared to the middle and late group (15.2% vs 4.7%, and 8.4%, P=0.09), 

but pairwise comparisons were not statistically significant.  

Mean gestational weight gain was significantly lower in the early group compared to the 

middle and the late group (-0.9 ± 11.0 kg vs 10.2 ± 5.6 kg, and 10.0 ± 6.4 kg, P<0.001 for 

both). Subsequently, women in the early group had a higher risk of inadequate 

gestational weight gain compared to women in the middle and late group (75.0% vs 

24.4%, and 32.6%, P<0.001), whereas the prevalence of excessive weight gain was lower 

(5.0% vs 34.1%, and 39.3%, P=0.01).  

Mean neonatal birth weight was significantly lower in the early group in comparison to 

the late group (2979 ± 470 grams vs 3211 ± 465 grams, P=0.01), but there was no 

significant difference in the prevalence of SGA neonates. 

No other differences in pregnancy and neonatal outcomes were found. In both sensitivity 

analyses, results for gestational age were borderline significant (P<0.10; data not shown). 
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Pregnancy and neonatal outcomes according to gestational weight gain 

Data on late pregnancy weight was available for 170 pregnancies. Table 3 shows pre-

pregnancy characteristics, and pregnancy and neonatal outcomes according to 

adherence to the NAM recommendations for gestational weight gain. All groups were 

similar on pre-pregnancy characteristics, except for pre-pregnancy BMI and type of 

surgical procedure (P<0.05 for both). Gestational weight gain was adequate in only 

29.4% of the pregnancies. It was inadequate in 40.6% and excessive in 30.0% of the 

pregnancies. Mean gestational age at delivery was significantly lower in the inadequate 

weight gain group compared to the adequate weight gain group (266.5 ± 20.2 days vs 

273.8 ± 8.4 days, P=0.002). Additionally, there were more preterm births in the 

inadequate weight gain group (15.9% vs 6.0%, P=0.04), among which all three very 

preterm births. Mean birth weight was also lower in the inadequate weight gain group 

(P=0.03), but pairwise comparisons were not statistically significant and there was no 

difference in the risk of SGA neonates. When including only the first pregnancy after 

surgery, results were similar compared to the primary analysis. In the other sensitivity 

analysis, results for birth weight were not significant (data not shown).  

 

Pregnancy-related complications 

The prevalence of pregnancy-related complications was low and not related to surgery-

to-conception interval or gestational weight gain. GDM was most prevalent and 

occurred in 8.2% of the pregnancies (n=16). In most cases, this could be treated by 

dietary management. Four women needed additional insulin therapy. Eleven women 

(5.6%) suffered from new-onset hypertension during pregnancy. None of them 

developed pre-eclampsia. Postpartum hemorrhage occurred in five cases (3.8%). 

Congenital defects were observed in ten neonates (5.1%) and included congenital talipes 

equinovarus (clubfoot, n=5), hypospadias (n=2), anal atresia, syndactyly and congenital 

hydrocephalus. There were three cases of perinatal death, one in each time group. During 

two of these pregnancies, gestational weight gain was inadequate. One neonate in the 

early and inadequate weight gain group was admitted to the neonatal intensive care unit 

because of a very preterm delivery (31+4 weeks). Of the 150 pregnancies following RYGB 

or OAGB, there were three cases of internal herniations. Two patients underwent 

successful laparoscopic closure of the internal hernia. The third patient, with a high 

suspicion of internal hernia at 27 weeks, experienced spontaneous resolution of 

symptoms and was therefore managed conservatively during pregnancy. Additionally, 

two women were admitted to the hospital because of gastrointestinal complaints and 

severe undernutrition, and needed enteral nutrition.  
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Discussion 
Despite current recommendations, 23.5% of the women in this study cohort conceived 

within 12 months after bariatric surgery (early group). We found that gestational age at 

delivery, gestational weight gain and neonatal birth weight were lower in this group than 

in the middle (12-24 months) and the late (>24 months) group. 

Overall, gestational weight gain was adequate in only 29.4% of the pregnancies. 

Inadequate weight gain during pregnancy was also associated with lower gestational 

age at delivery and lower neonatal birth weight in comparison with adequate gestational 

weight gain. In addition, (very) preterm births were more frequently observed in this 

group. 

 

Previous studies found no associations between the time from surgery to conception 

and adverse pregnancy or neonatal outcomes [4, 15-24]. In fact, most studies confirm 

that the risk of these outcomes is not increased during the first 12 months after bariatric 

surgery compared to later pregnancies [4, 16, 17, 19, 22, 25]. Nevertheless, we found that 

gestational age at delivery and neonatal birth weight were lower in pregnancies within 

12 months post-surgery. Although the difference of ±200 grams in neonatal birth weight 

is probably not clinically relevant, the lower gestational age in the early group might be 

alarming as we also found a trend towards more preterm births in this group. 

We also found that gestational weight gain was lower during the first 12 months after 

surgery. Weight gain during pregnancy may directly affect the immediate and future 

health of mother and child. Therefore, the NAM has published recommendations for 

adequate weight gain during pregnancy based on pre-pregnancy BMI [7]. In the present 

study, gestational weight gain was below the NAM recommendations in 75% of the 

women who conceived within 12 months and in 30% of the women who conceived after 

12 months. Our results are in accordance with two other studies that also found that 

gestational weight gain was higher and more adequate when pregnancy occurred more 

than 12 months after surgery [19, 26]. 

 

Very few studies have addressed the risks of inadequate weight gain during pregnancy 

after bariatric surgery [9, 13]. In the current study, gestational weight gain was adequate 

in only 29.4% of all pregnancies. We found that inadequate gestational weight gain was 

associated with a lower gestational age at delivery. Moreover, we observed three times 

as many preterm births in this group, including all three very preterm births (<32 weeks). 

In a large retrospective study including 337 pregnancies after RYGB, SG and laparoscopic 

adjustable gastric banding, insufficient weight gain was a risk factor for preterm delivery 
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when compared to excessive weight gain (adjusted OR: 6.40, 95% CI: 2.41–17.0) but not 

when compared to adequate weight gain [13]. Furthermore, inadequate weight gain was 

associated with a lower birth weight in the present study. No differences were found for 

SGA or weight-for-age percentile, which is in line with findings from other studies [9, 27]. 

Yet, half of the women in the inadequate weight gain group even lost weight during 

pregnancy. In the systematic review and meta-analysis of Kapadia et al. [28], obese 

women with gestational weight loss had higher odds of SGA <10th percentile (adjusted 

OR: 1.76, 95% CI: 1.45–2.14) and SGA <3rd percentile (adjusted OR: 1.62, 95% CI: 1.19–

2.20) compared to women with adequate weight gain.  

We should encourage women who wish to conceive after bariatric surgery to avoid 

pregnancy until their weight has stabilized to minimize the risk of inadequate gestational 

weight gain. This is in line with the consensus recommendations of an international panel 

of experts [29]. Additionally, the psychological impact of (gestational) weight gain in 

these women should not be underestimated. In daily practice, we encounter many 

women who are afraid to gain weight during pregnancy after bariatric surgery. Health 

care professionals should be aware of the underlying factors and encourage these 

women to have adequate weight gain during pregnancy. 

 

The prevalence of SGA (23%) was at least twice as high than what would be expected 

based on its definition (<10th percentile), and higher than previously published data. The 

increased risk of SGA neonates is concerning since fetal growth restriction is associated 

with a higher risk of neonatal morbidity and mortality, and the development of metabolic 

syndrome later in life [30, 31]. In order to break the vicious cycle of obesity and its health 

consequences, it is important that future research and clinical care focus on the 

prevention of SGA after bariatric surgery. On the other hand, we remarked a low 

prevalence of LGA as well as GDM and hypertensive disorders. Whereas obesity is a well-

known risk factor for these outcomes, multiple studies found a decrease in LGA neonates, 

GDM and pregnancy-related hypertensive disorders in pregnancy following bariatric 

surgery [2, 3]. 

 

This study is one of the largest series that evaluated pregnancy course and neonatal 

outcomes by surgery-to-conception interval and gestational weight gain. It should 

however be noted that the current sample size might have been too small for infrequent 

outcomes such as GDM and pregnancy-induced hypertension, increasing the risk of a 

type II statistical error. Another limitation is the retrospective nature of this study as the 

collected data depended entirely on the available data. Data on gestational weight gain 
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were not always consistently registered throughout pregnancy and patients' pre-

pregnancy weight may have been underestimated since they were predominantly self-

reported. Moreover, data on nutritional deficiencies were limited and could not be 

included in the analyses. We therefore cannot exclude the possibility that these and 

additional unknown factors could have influenced the observed outcomes. Lastly, we 

combined data of pregnancies following different types of surgery as previous studies 

found no differences in pregnancy outcomes [22, 32, 33]. Despite including this factor 

into the statistical models, observed differences in type of surgery could indicate an 

interrelationship between type of surgery, timing of pregnancy and gestational weight 

gain. Larger, prospective studies are needed to confirm this trend. 

 

Conclusion 
Our findings support the recommendation to postpone pregnancy for 12 months after 

bariatric surgery. During pregnancy, specific attention is needed on achieving adequate 

gestational weight gain. Future research should focus on the effect of inadequate 

gestational weight gain and maternal undernutrition on duration of pregnancy and fetal 

growth, aiming to reduce the increased prevalence of SGA neonates following maternal 

bariatric surgery. 
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Abstract 
 

  

 

Background: Pregnant women with a history of bariatric surgery (BS) are at high 

risk of maternal nutrient deficiencies, but prospective data on the efficacy of 

specialized multivitamin supplementation (WLS MVS) versus standard 

supplementation (sMVS) in pregnancies after BS are limited.  

 

Methods: Multicenter observational cohort study including 119 pregnant women 

who had undergone Roux-en-Y gastric bypass (RYGB, n=80) or sleeve gastrectomy 

(SG, n=39). Routine blood samples including hemoglobin, MCV, ferritin, folic acid, 

vitamins A, B1, B6, B12 and D, calcium, PTH and albumin were collected during 

every trimester. Maternal serum micronutrient concentrations as well as 

prevalence of deficiencies and elevated serum levels were compared between WLS 

MVS users and sMVS users.  

 

Results: During pregnancy following RYGB, WLS MVS users had higher serum 

levels of hemoglobin, ferritin and folic acid and lower serum levels of vitamin B6 

compared to sMVS users. Iron deficiencies as well as elevated serum vitamin B6 

levels were also less prevalent in the WLS MVS group. During pregnancy following 

SG, WLS MVS users had higher serum levels of vitamin D but lower serum levels of 

vitamin B1 than sMVS users. The prevalence of deficiencies and elevated serum 

levels was similar between the groups. 

 

Conclusion: Our study confirmed that depleted maternal concentrations of 

micronutrients are highly prevalent in pregnant women who underwent RYGB or 

SG. Overall, the use of specialized WLS MVS is preferred over the use of standard, 

over-the-counter supplementation. Future research is needed to investigate how 

supplementation strategies can be optimized individually for this high-risk 

population. 
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Introduction 

Bariatric surgery (BS) is the most effective treatment for people with severe obesity, 

resulting in substantial and long-term weight loss and reduction of obesity-related 

health risks [1-3]. More than half of all bariatric procedures are performed in women of 

reproductive age [4], and the Roux-en-Y gastric bypass (RYGB) and sleeve gastrectomy 

(SG) are the most commonly performed bariatric procedures [5]. Undergoing BS prior to 

pregnancy significantly reduces the risk of obesity-related complications such as 

subfertility, gestational diabetes and hypertensive disorders in pregnancy [6-8]. 

However, decreased intake and absorption of nutrients after surgery in combination with 

the increased demand for nutrients during pregnancy may lead to more pronounced 

deficiencies [9, 10]. Furthermore, pregnancy symptoms such as morning sickness or 

hyperemesis gravidarum and abdominal complaints may worsen nutritional status 

during pregnancy [10, 11]. Overall, low maternal concentrations of vitamins A, B12 and 

D, folic acid, iron and zinc are frequently reported during pregnancy after BS [12-14]. 

Potential neonatal adverse effects that are associated with maternal deficiencies during 

pregnancy include preterm birth, fetal growth restriction, congenital malformations, and 

neurological and developmental impairment [10, 11, 13, 15].  

Consensus recommendations for prenatal care of these patients have been proposed 

[16], but evidence-based guidelines regarding optimal nutritional monitoring and 

supplementation strategies during pregnancy after BS are lacking. Regular, over-the-

counter or prenatal multivitamin supplements (MVS) are likely not sufficient to cover the 

needs of pregnant women who have undergone BS. Fortunately, specialized 'weight loss 

surgery' supplements (WLS MVS) that are specifically developed for bariatric patients are 

emerging. The formulation of these supplements is often tailored to the type of bariatric 

procedure (e.g. RYGB or SG) and varies between brands, but they generally consist of 

high doses of folic acid, vitamins B12 and D, elementary iron and zinc. Although the 

superiority of these supplements compared to standard multivitamin supplementation 

(sMVS) has been demonstrated in the general population after BS [17-21], their efficacy 

during pregnancy is largely unknown.  

Therefore, the aim of this observational cohort study was to explore differences in 

nutritional status among women either using WLS MVS or sMVS during pregnancy 

following RYGB or SG. 
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Methods 

Study design and participants 

The NEWBIE study (Nutritional status of prEgnant Women following BariatrIc surgEry) is 

a multicenter observational cohort study that was conducted from November 2018 until 

October 2022 at three general hospitals in the Netherlands (Rijnstate hospital, Arnhem; 

RHA, Máxima Medical Center, Veldhoven; MMC, Hospital Gelderse Vallei, Ede; HGV). 

Within these hospitals, the care of pregnant women with a history of BS follows a specific 

protocol recommending supplementation with WLS MVS and close monitoring of 

maternal nutritional status.  

All pregnant women older than 18 years with a medical history of BS presenting at the 

bariatric or antenatal clinic were eligible for recruitment. Exclusion criteria were elective 

termination of pregnancy, twin pregnancy, bariatric procedures other than RYGB or SG, 

reversal of the bariatric procedure and malnutrition due to other causes (e.g. cancer, 

alcoholism). Participants were preferably included before 12 weeks of pregnancy and 

followed up until two months post-partum. A total of 129 participants were included of 

which three women were excluded because of twin pregnancies (n=2) or history of 

another bariatric procedure (n=1). During data analysis, seven participants were 

excluded because of insufficient data about pregnancy (n=1), unknown MVS use (n=4) 

or no use of MVS during pregnancy (n=2). The final population for data analysis 

consisted of 119 participants of which 80 had undergone RYGB (67%) and 39 SG (33%) 

(Figure 1).  

This study was conducted according to the guidelines laid down in the Declaration of 

Helsinki and all procedures involving research study participants were approved by the 

local ethical committees of the participating hospitals. Written informed consent was 

obtained from all subjects. 

 

Data collection 

Clinical parameters 

Maternal characteristics (age, geographic origin, education, smoking status, pre-existing 

diabetes or hypertension and anthropometrics) and antepartum variables (time to 

conception, parity, gestational weight gain and pregnancy complications) were collected 

from the medical records. Educational level was defined as low (primary education and 

prevocational secondary education), medium (senior general secondary education, pre-

university education and secondary vocational education) or high (higher vocational 

education and university). Smoking status was defined as never, former (stopped before 

pregnancy) or current (smoked during pregnancy).  
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Anthropometric measurements including height (m) and body weight (kg) were 

performed during standard visits. Percent total body weight loss (%TWL) at conception 

was calculated as body weight loss divided by body weight before surgery, multiplied by 

100%. 

 Conception date was estimated as 'first day of last menstrual period + 2 weeks' or as 

'due date - 40 +2 weeks' when the first day of the last menstrual period was unknown. 

Time from surgery to conception was defined as the period in months between the date 

of surgery and the date of conception. Gestational weight gain in kilograms was 

calculated as the difference between late pregnancy weight (weight at the day of delivery 

or within ≤4 weeks before delivery) and pre-pregnancy weight (weight at the first 

antenatal visit or self-reported weight before pregnancy). Subsequently, gestational 

weight gain was classified as inadequate, adequate or excessive based on pre-pregnancy 

BMI according to the National Academy of Medicine (NAM; formerly known as the 

Institute of Medicine) recommendations [22]. Evaluated complications during pregnancy 

included gestational diabetes mellitus (new-onset diabetes diagnosed by glucose 

monitoring), hypertensive disorders (new-onset hypertension, above 140/90 mm Hg), 

hyperemesis gravidarum (severe, persistent nausea and vomiting) and internal 

herniation (small bowel obstruction). 

 

Supplementation use 

All women were advised to use daily multivitamin supplementation (MVS), preferably a 

specialized 'weight loss surgery' supplement (WLS MVS) specifically developed for 

bariatric patients. Self-reported information on the use of MVS (type, composition, 

dosage and compliance) was obtained during each trimester and participants were 

accordingly categorized as either users of WLS MVS or users of standard MVS (sMVS). 

sMVS were defined as regular over-the-counter MVS or prenatal supplements. The 

composition of the MVS that were most frequently used can be found in Supplementary 

Table 1. Participants using both WLS MVS and sMVS on a daily basis were assigned to 

the WLS MVS group, whereas participants who alternately used WLS MVS and sMVS 

were assigned to the sMVS group. Non-users of MVS were excluded from analysis.  

In addition to daily MVS, all participants were advised to use additional calcium/vitamin 

D3 supplementation as part of the standard treatment after BS. According to general 

recommendations for pregnancy of the Dutch Health Council [23], supplementation of 

400 µg folic acid was also recommended in the preconception period until 8 weeks after 

conception. In case of observed micronutrient deficiencies during pregnancy, a 

prescription for the required supplementation was provided according to local protocol. 
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Laboratory evaluation 

Standard routine laboratory blood tests were performed during each trimester (T1: week 

1-12, T2: week 13-26. T3: week 27-42). Evaluated laboratory parameters slightly differed 

between the centers but generally included: hemoglobin, MCV, ferritin, folic acid, vitamin 

B12, vitamin A, vitamin B1, vitamin B6, 25-OH vitamin D, PTH, calcium and albumin. 

Although the use of MVS has no direct influence on MCV, PTH and albumin levels, they 

were added to provide a complete overview of nutritional status during pregnancy after 

RYGB and SG. Calcium levels were corrected for albumin using the following equation: 

Cacorr = total calcium + 0.02*(40-albumin). A nutrient deficiency was defined as a serum 

level below the local reference value at the time of blood collection (Table 1) as there 

were no validated standards available for the required levels of micronutrients during 

pregnancy, except for hemoglobin [24]. Serum ferritin levels below the reference value 

were used as a marker for iron deficiency. 

 
Table 1. Reference values of the evaluated micronutrients for each hospital. 

Serum 

variables 

Reference values 

RHA MMC HGV 

Hemoglobin1 T1: 7.1 mmol/L 

T2: 6.5 mmol/L 

T3: 6.3 mmol/L 

T1: 7.1 mmol/L 

T2: 6.5 mmol/L 

T3: 6.3 mmol/L 

T1: 7.1 mmol/L 

T2: 6.5 mmol/L 

T3: 6.3 mmol/L 

MCV 80-100 fL 80-100 fL 80-100 fL 

Ferritin 10-291 µg/L 13-150 µg/L 13-150 µg/L 

Folic acid > 12.2 nmol/L2 > 8 nmol/L 7-40 nmol/L 

Vitamin B123 >200 pmol/L >200 pmol/L >200 pmol/L 

Vitamin A 1.05-2.80 µmol/L NA 1.13-2.72 µmol/L 

Vitamin B1 95-175 nmol/L 66.5-200 nmol/L 90-200 nmol/L 

Vitamin B6 25-100 nmol/L 35-110 nmol/L 51-183 nmol/L 

Vitamin D >50 nmol/L >50 nmol/L >50 nmol/L 

PTH 2.0-9.3 pmol/L4 1.6-6.9 pmol/L 2.0-8.5 pmol/L 

Calcium5 2.23-2.55 mmol/L 2.15-2.55 mmol/L 2.23-2.55 mmol/L 

Albumin 35-50 g/L 35-50 g/L 35-50 g/L 
RHA, Rijnstate hospital Arnhem; MMC, Maxima Medical Center; HGV, Hospital Gelderse Vallei; MCV, mean corpuscular volume; 

PTH, parathyroid hormone. 
1 Reference value during pregnancy according to The Royal Dutch Organization of Midwives (2010) [24]. 
2 Reference value before 8-1-2019 was 5-35 nmol/L. 
3 Reference value after bariatric surgery according to Parrot (2017) [25]. 

4 Reference value before 8-1-2019 was 1,3-6,8 pmol/L. 
5 Corrected for albumin levels. 

 

Statistical analysis 

General characteristics are reported as mean ± standard deviation (normal distribution) 

or as median [Q1-Q3] (non-normal distribution) for continuous variables, and as 

frequency (percentage) for categorical variables. Differences in serum concentrations 

across the three trimesters of pregnancy between WLS MVS users and sMVS users were 
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analyzed using linear mixed-effects models. Serum concentrations of ferritin and vitamin 

B6 were log-transformed before analysis. The crude model consisted of fixed effects for 

MVS (WLS MVS; sMVS), trimester (T1; T2; T3), and their interaction term, plus a random 

effect for participants. Trimester entered the model as a repeated measure using a first-

order autoregressive structure. Log-likelihood ratio tests were performed to explore 

potential confounders including center, smoking status, surgery-to-conception interval, 

BMI at conception, season of sampling and the use of additional supplementation for 

iron, folic acid (including preconception supplementation), vitamin B12 and vitamin D 

during pregnancy. Final models for RYGB included BMI at conception, use of additional 

supplementation for ferritin and vitamin B12 (yes/no/missing), use of calcium/vitamin 

D3 supplementation for calcium and vitamin D (yes/no/missing), and season of sampling 

for vitamin D (in months). Final models for SG included the use of additional 

supplementation for ferritin (yes/no/missing) and season of sampling for vitamin D (in 

months). Serum concentrations measured after intravenous iron infusions for ferritin and 

hydroxocobalamin injections for vitamin B12 were removed from the analyses to prevent 

biased estimates. Results are presented as estimated (geometric) marginal mean and 

95% CI. Means and standard deviations of the original serum data at the different 

trimesters can be found in Supplementary Table 2. The prevalence of nutrient 

deficiencies and elevated serum levels at each trimester were analyzed using Chi-Square 

tests or Fisher's Exact test (if >20% of expected counts were less than 5). Results are 

presented as frequency (percentage). All statistical analyses were performed separately 

for the RYGB and SG group, using IBM SPSS Statistics 25 for Windows (IBM Corp., Armonk 

USA). A two-sided P-value below 0.05 was considered statistically significant. 

 

Results  

General characteristics 

General characteristics of the study population according to type of BS are shown in 

Table 2. Mean age at conception was respectively 32.1 ± 4.5 years and 29.7 ± 4.9 years 

in the RYGB and SG group. The majority of the participants was of West-European origin 

(RYGB: 95.0%, SG: 87.2%), had a medium educational level (RYGB: 37.5%, SG: 38.5%), and 

never smoked (RYGB: 56.3%, SG: 71.8%). Median time from surgery to conception was 

50.0 [23.4-77.0] months in the RYGB group and 32.2 [16.4-43.8] months in the SG group, 

and the majority of the participants became pregnant more than 24 months after BS 

(RYGB: 76.3%, SG: 61.5%). Mean TWL from surgery to conception was 32.0 ± 9.1 percent 

after RYGB, and 32.5 ± 8.5 percent after SG. The prevalence of pre-existing comorbidities 

and pregnancy complications was low. 
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Table 2. General characteristics of the study population according to type of BS. 

Characteristic Study population 

(n=119) 

RYGB 

(n=80) 

SG 

(n=39) 

Maternal age at conception (years) 31.3 ± 4.7 32.1 ± 4.5 29.7 ± 4.9 
Geographic origin       

     West European 110 (92.4) 76 (95.0) 34 (87.2) 

     Other 9 (7.6) 4 (5.0) 5 (12.8) 

Highest level of education1       

     Low 21 (17.6) 16 (20.0) 5 (12.8) 

     Medium 45 (37.8) 30 (37.5) 15 (38.5) 

     High 24 (20.2) 15 (18.8) 9 (23.1) 

     missing 29 (24.4) 19 (23.8) 10 (25.6) 

Smoking status       

     Never 73 (61.3) 45 (56.3) 28 (71.8) 

     Former 22 (18.5) 18 (22.5) 4 (10.3) 

     Current 24 (20.2) 17 (21.3) 7 (17.9) 

Pre-existent diabetes mellitus 1 (0.8) 0 (0.0) 1 (2.6) 

Pre-existent hypertension 1 (0.8) 1 (1.3) 0 (0.0) 

BMI before surgery (kg/m2)2 44.0 ± 5.4 43.9 ± 5.3 44.2 ± 5.5 

BMI at conception (kg/m2) 28.7 [26.0-32.5] 29.0 [25.9-32.0] 27.7 [26.0-33.0] 

TWL surgery-conception (%)2 32.2 ± 8.9 32.0 ± 9.1 32.5 ± 8.5 

Time from surgery to conception 

(months) 

41.0 [18.5-70.0] 50.0 [23.4-77.0] 32.2 [16.4-43.8] 

     <12 months 11 (9.2) 6 (7.5) 5 (12.8) 

     12-24 months 23 (19.3) 13 (16.3) 10 (25.6) 

     >24 months 85 (71.4) 61 (76.3) 24 (61.5) 

Primiparity 57 (47.9) 34 (42.5) 23 (59.0) 

Gestational weight gain (kg)3 10.6 ± 7.2 9.9 ± 6.9 11.9 ± 7.7 

     Inadequate weight gain 22 (18.5) 16 (20.0) 6 (15.4) 

     Adequate weight gain 22 (18.5) 15 (18.8) 7 (17.9) 

     Excessive weight gain 38 (31.9) 25 (31.3) 13 (33.3) 

     missing 37 (31.1) 24 (30.0) 13 (33.3) 

Pregnancy complications       

     Gestational diabetes mellitus 6 (5.0) 6 (7.5) 0 (0.0) 

     Hypertensive disorders 7 (5.9) 3 (3.8) 4 (10.3) 

     Hyperemesis gravidarum 3 (2.5) 0 (0.0) 3 (7.7) 

     Internal herniation 3 (2.5) 3 (3.8) -  
Data are presented as means ± SD, median [Q1-Q3] and frequency (percentage).  

RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy; BMI, body mass index; TWL, total body weight loss. 
1 Low education = primary education and prevocational secondary education; medium education = senior general secondary 

education, pre-university education and secondary vocational education; high education = higher vocational education, university.  
2 Missing for n=5 (RYGB). 
3 According to NAM recommendations [22]. 

 

Supplementation use and nutritional status after RYGB 

During pregnancy after RYGB, more participants used WLS MVS compared to sMVS (T1: 

69.6% vs 30.4%, T2: 75.0% vs 25.0%, T3: 75.3% vs 24.7%). Overall, WLS MVS users had 

significantly higher serum levels of hemoglobin, ferritin and folic acid during pregnancy 

than sMVS users (P<0.05 for all; Figure 2). 
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This also resulted in less iron deficiencies in the WLS MVS group compared to the sMVS 

group during the second (29.6% vs 55.6%, P=0.047) and third trimester (36.5% vs 72.2%, 

P=0.01; Table 3). Similarly, anemia tended to be less prevalent in the WLS MVS group, 

although not statistically significant (11-13% vs 17-33%). The prevalence of folic acid 

deficiency during pregnancy was low and comparable between the groups (2-12% vs 0-

6%). There was also a trend towards higher serum vitamin A concentrations in WLS MVS 

users compared to sMVS users (1.42 µmol/L, 95% CI: 1.27-1.57 vs 1.18 µmol/L, 95% CI: 

0.98-1.39, P=0.06). The prevalence of vitamin A deficiency also tended to be lower in the 

WLS MVS group (14-22% vs 25-46%). Only one participant presented with an elevated 

serum vitamin A level during pregnancy (WLS MVS, T2: 3.71 µmol/L; Table 4). For vitamin 

B6, there was a significant interaction between MVS and trimester (P=0.02; Figure 2). 

Compared to WLS MVS users, sMVS users had higher serum vitamin B6 concentrations 

in the first trimester, but levels decreased to similar concentrations in the second and 

third trimester (T1: 90.6 nmol/L, 95% CI: 82.0-99.8 vs 132.1 nmol/L, 95% CI: 114.6-152.4, 

P<0.001). Accordingly, the prevalence of elevated serum vitamin B6 levels was 

significantly lower in the WLS MVS group compared to the sMVS group during the first 

and second trimester but not during the third trimester (T1: 32.6% vs 61.9%, P=0.02; T2: 

13.0% vs 43.8%, P=0.01; T3: 12.5% vs 22.2%, P=0.44; Table 4). We did not find any 

differences in vitamin B12, vitamin B1, vitamin D and calcium between the two groups. 

 

Supplementation use and nutritional status after SG 

During pregnancy after SG, the percentage of participants using WLS MVS was 

comparable to those using sMVS (T1: 51.7% vs 48.3%, T2: 45.9% vs 54.1%, T3: 50.0% vs 

50.0%). Overall, WLS MVS users had significantly higher serum levels of vitamin D during 

pregnancy than sMVS users (89.7 nmol/L, 95% CI: 77.6-101.8 vs 65.4 nmol/L, 95% CI: 

53.3-77.4, P=0.001; Figure 3). Similarly, vitamin D deficiencies tended to be less prevalent 

in the WLS MVS group although not statistically significant (13-18% vs 37-39%; Table 3). 

For vitamin B1, there was a significant interaction between MVS and trimester (P=0.02; 

Figure 3). Serum vitamin B1 concentrations started similar in the first trimester but 

slightly decreased over pregnancy in the WLS MVS group, resulting in lower serum 

vitamin B1 concentrations in this group compared to the sMVS group (T2: 137.4 nmol/L, 

95% CI: 124.2-150.6 vs 161.6 nmol/L, 95% CI: 149.0-174.1, P=0.01; T3: 133.9 nmol/L, 95% 

CI: 120.1-147.7 vs 154.7 nmol/L, 95% CI: 141.9-167.5, P=0.03). We did not find any 

differences in hemoglobin, ferritin, folic acid, vitamin B12, vitamin A, vitamin B6 and 

calcium between the two groups. There were no participants with an elevated serum 

vitamin A level during pregnancy after SG (Table 4).
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Discussion 
This is the first study that compared differences in nutritional status during pregnancy 

after BS between users of specialized supplementation (WLS MVS) and users of regular 

or prenatal supplementation (sMVS), while differentiating by the type of surgical 

procedure. 

During pregnancy following RYGB, we found that WLS MVS users (±73% of participants) 

had higher serum levels of hemoglobin, ferritin and folic acid and lower serum levels of 

vitamin B6 during pregnancy compared to sMVS users (±27% of participants). Iron 

deficiencies as well as elevated serum vitamin B6 levels were also less prevalent in the 

WLS MVS group. During pregnancy following SG, WLS MVS users (±49% of participants) 

had higher serum levels of vitamin D, but lower serum levels of vitamin B1 than sMVS 

users (±51% of participants). The prevalence of deficiencies and elevated serum levels 

was similar between the WLS MVS and sMVS group during pregnancy after SG. 

 

Our results show that using high-dose WLS MVS during pregnancy following BS resulted 

in higher serum levels and less deficiencies for some but not for all micronutrients. 

Besides, our findings differed between the two surgery groups. To date, only one other 

study including 197 singleton pregnancies after RYGB has retrospectively compared 

serum micronutrient concentrations between users of specialized supplementation and 

standard supplementation during pregnancy [26]. They also found higher serum levels 

of hemoglobin and ferritin for WLS MVS users compared to users of prenatal MVS [26]. 

In contrast to the previous study, we did not find higher serum vitamin D concentrations 

in RYGB-WLS MVS users, despite their higher dose of vitamin D compared to sMVS (75 

µg vs 5-10 µg, respectively). Although we included the use of additional calcium/vitamin 

D3 supplementation and season of sampling into our statistical models, individual 

differences in compliance with supplement intake as well as in sun exposure could have 

impacted our findings with regard to vitamin D status.  

To the best of our knowledge, there are no studies available that report on the effect of 

WLS MVS on the prevalence of nutrient deficiencies and elevated serum levels after 

RYGB, and research on the efficacy of WLS MVS during pregnancy after SG is also lacking. 

 

Overall, many of our findings are in line with those observed in the general bariatric 

population. Homan et al. also found higher serum levels of hemoglobin, ferritin and folic 

acid as well as less anemia and iron deficiencies in WLS MVS users compared to sMVS 

users three years after RYGB [20]. However, they observed comparable serum vitamin B6 

concentrations between the supplement groups [20], whereas we found lower serum 
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concentrations as well as less elevated levels for vitamin B6 in WLS MVS users compared 

to sMVS users during pregnancy after RYGB. The prevalence of elevated serum vitamin 

B6 levels ranged from 13% to 33% in the WLS MVS group compared to 22-62% in the 

sMVS group, which may be due to the lower dose of vitamin B6 in WLS MVS for RYGB. 

Most of these supplements contain 0.6-0.98 mg vitamin B6 (43-70% RDA), whereas sMVS 

usually contain 1.4 mg vitamin B6 (100% RDA). Besides, bariatric patients are sometimes 

advised to use two standard supplements during pregnancy, which increases the daily 

dose to 2.8 mg vitamin B6 (200% RDA). Overall, serum vitamin B6 concentrations were 

near the upper reference limit in all groups. Although exposure to extremely high doses 

of vitamin B6 (>50 mg/day) did not appear to be associated with an increased risk for 

major malformations during pregnancy [27], attention on elevated serum vitamin B6 

levels is needed as they may cause maternal peripheral neuropathy [28]. 

 

The observed higher serum vitamin D concentrations along with the trend towards less 

vitamin D deficiencies in the WLS MVS group compared to the sMVS group during 

pregnancy after SG is in accordance with two other studies comparing nutritional status 

between WLS MVS users and sMVS users in general after SG [18, 21]. Remarkably, serum 

vitamin B1 concentrations were higher in the WLS MVS group compared to the sMVS 

group in the previous studies, whereas we found lower vitamin B1 levels in the WLS MVS 

group during pregnancy [18, 21]. This may be explained by the prevalence of 

hyperemesis gravidarum, which occurred in three women who all underwent SG and 

used WLS MVS. Persistent vomiting is a risk factor for thiamine deficiency, which can 

ultimately result in Wernicke's encephalopathy [29, 30]. Indeed, serum vitamin B1 

concentrations were markedly lower in women with versus without hyperemesis 

gravidarum (110.0 ± 28.9 nmol/L vs 144.0 ±28.4 nmol/L), but excluding these women did 

not markedly change our results (data not shown). Nevertheless, similar to our findings 

regarding vitamin B6, serum vitamin B1 concentrations were far above the lower 

reference limit in all groups and deficiencies during pregnancy were rare. 

 

Overall, differences in nutritional status between WLS MVS users and sMVS users were 

less pronounced in the SG group, which may be explained by the generally lower doses 

of iron, folic acid and vitamin B12 in WLS MVS for SG. Furthermore, previous research has 

indicated that compliance with MVS intake may be lower in patients who underwent SG, 

both in the general BS population [31] as well as during pregnancy after BS [32], and that 

poor compliance may in turn result in lower serum concentrations of hemoglobin, iron, 

folic acid and vitamin B12 [33]. 
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In general, consensus on recommended doses for supplementation during pregnancy 

after BS has not yet been reached for most micronutrients, evidenced by the lack of 

evidence-based guidelines as well as the limited consistency across current 

recommendations [10]. To illustrate, recommendations for vitamin B12 vary from 350-

1000 µg orally per day to 1000 µg via intramuscular injection every 1-3 months, and 

recommendations for iron range from 27 to 80 mg per day during pregnancy after BS 

[10, 34]. This is concerning as the risk of micronutrient depletion posed by the bariatric 

procedure may be even higher due to the physiologic changes during pregnancy. 

Optimal nutritional status during pregnancy is not only vitally important for maternal 

health but also for fetal health [10, 11, 13, 15].  

Next to the well-documented link with congenital abnormalities including neural tube 

defects [35, 36], inadequate folate status during pregnancy has been associated with pre-

eclampsia, spontaneous abortions and low birth weight [10, 37, 38]. In the present study, 

serum folic acid concentrations significantly decreased during pregnancy but remained 

far above the lower reference limit and the prevalence of deficiencies was low (± 7%), 

which is in line with other literature (0-16%) [14]. Yet, it remains uncertain if additional 

supplementation for folic acid is required when high-dosed WLS MVS are used, and 

recommendations in clinical practice are inconsistent. Therefore, a critical review of folic 

acid requirement in pregnancy post-bariatric surgery is needed. Until then, the total dose 

of supplementation should in any case not exceed 1 mg per day in order to prevent 

potential negative adverse effects from over-supplementation such as masking of 

vitamin B12 deficiency [39, 40].  

Adequate iron status during pregnancy is also essential for maternal health as well as 

fetal growth and development. Iron is crucial for red blood cell production and low iron 

status has been associated with maternal anemia, preterm delivery and low neonatal 

birth weight [10, 11, 38]. Despite the significant decrease in hemoglobin levels during 

pregnancy, the prevalence of anemia in the present study was fairly low (± 12%). In 

contrast, low serum ferritin levels were frequently observed in the present study (± 34%), 

as well as in previous research [14]. The high prevalence of iron deficiency during 

pregnancy after BS indicates the need for additional iron supplementation in this 

population, but oral supplements are often poorly tolerated [41]. Alternate day dosing 

of iron could provide an alternative solution as it significantly increases iron absorption 

and results in a lower incidence of gastrointestinal side effects compared with dosing 

iron every day [42, 43]. Intravenous (IV) iron administration should be considered in 

pregnant women with iron deficiency anemia who do not respond to or cannot tolerate 

oral iron supplementation during the second or third trimester [44]. 
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Besides the risk for deficiencies, excess micronutrient supplementation can also have 

detrimental consequences for both mother and child. The general pregnant population 

is usually advised to avoid retinol supplementation due to the well-documented risk of 

teratogenic malformations, especially during the first trimester [45]. Therefore, prenatal 

supplements often contain beta-carotene, a precursor of vitamin A which appears to 

have no toxic effects during pregnancy [46]. The presence of retinol in WLS MVS can be 

a motivation for obstetricians to discontinue the use of these supplements during 

pregnancy. In the present study, we observed only one case of elevated serum vitamin A 

when using WLS MVS containing 800 µg retinol (RYGB; 13 weeks: 3.71 µmol/L, reference 

range: 1.05-2.80 µmol/L). As information on dietary intake was unknown, it is difficult to 

ascertain whether this elevated level was caused by supplement intake, dietary intake or 

a combination of both. Overall, most WLS MVS contain about 600-800 µg retinol, which 

is far below the safe upper level of 3000 µg as indicated by the European Food Safety 

Authority [47]. Besides, serum vitamin A concentrations significantly decreased within 

the lower range and deficiencies were prevalent (± 24%) in our study population. 

Previous research even reports up to 90% of vitamin A deficiencies after BS [14]. Vitamin 

A deficiency has been shown to cause night blindness and is associated with fetal growth 

restriction [10, 11, 37]. Based on the results of the present study, continuing the use of 

WLS MVS during pregnancy after BS is considered safe and may even be preferred over 

the use of supplements containing beta-carotene because of the low conversion 

efficiency of beta-carotene [48], increasing the risk of vitamin A deficiency in this 

population. 

 

Main strengths of the present study include the availability of prospective data on MVS 

use across the trimesters of pregnancy, including detailed information on supplement 

composition. In addition to previous research, we also reported data on the prevalence 

of nutrient deficiencies and elevated serum levels during pregnancy.  

However, our results must also be interpreted in light of certain limitations. Most 

importantly, MVS use differed greatly within and between participants. Because of the 

relatively small study sample, we were limited to categorizing all MVS as either WLS MVS 

or sMVS. As a result, the sMVS group consisted of both regular over-the-counter MVS as 

well as prenatal supplements, respectively accounting for approximately 25% versus 

75%. These types of MVS mainly differ in the dose and/or form of folic acid, vitamin D 

and vitamin A (Supplementary Table 1). Furthermore, dosing of sMVS varied from 1-3 

supplements per day, which might have impacted the daily administered dose of 

nutrients. This also applies to women using a combination of different MVS, either both 
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on a daily basis or alternately. Greater sample sizes are required in order to obtain 

sufficient statistical power to address these variations in MVS use. Last, we used 

pregnancy-specific cut-off values for hemoglobin only as uniform, evidence-based 

pregnancy-specific cut-offs for other nutrients are lacking [49]. During pregnancy, a 25-

30% physiological decrease in the levels of hemoglobin, ferritin, folic acid, vitamins A, 

B12 and D, PTH and calcium is expected as a result of the expanding maternal blood 

volume by approximately 50% (hemodilution) and increasing demands of the growing 

fetus [16, 50, 51]. As a result, the number of nutritional deficiencies in the present study 

may have been overestimated. Nevertheless, this has no impact on the comparisons 

made between the MVS groups and these standard reference ranges are also used in 

clinical practice. Ideally, laboratories should provide locally validated reference ranges 

for pregnant women to recognize changes in normal laboratory values induced by 

pregnancy. Although some guidelines on laboratory values in healthy pregnant women 

are available [52, 53], differences in used assays and population groups may limit their 

transferability to other centers and populations. 

 

Conclusion 
Our study confirmed that low maternal concentrations of micronutrients are highly 

prevalent in pregnant women who underwent RYGB or SG. This leads to greater 

challenges to reach nutritional requirements in pregnancies after BS, making optimal 

supplementation essential. Overall, the use of specialized WLS MVS is preferred over the 

use of standard, over-the-counter supplementation. Future research is needed to 

investigate how supplementation strategies can be optimized individually for this high-

risk population.  

Furthermore, as bariatric surgery has become increasingly prevalent among women of 

reproductive age, understanding the relationship between maternal nutritional status 

and pregnancy and neonatal outcomes is essential for adequate prenatal care.  
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The overall aim of this thesis was to gain more insight into factors affecting nutritional 

status of individuals undergoing bariatric surgery, including dietary intake and 

nutritional supplementation. Supplementation and nutrition can be seen as two sides of 

the same coin. Although supplement intake will contribute more to total nutrient intake 

than dietary intake, both are equally important in achieving optimal nutritional status 

after bariatric surgery. Supplements are not intended to replace nutrition and simply 

cannot replicate all of the nutrients and benefits of whole foods, such as fruits and 

vegetables. However, bariatric surgery limits the intake, digestion and absorption of 

nutrients, even while following a healthy diet, therefore mandating lifelong use of 

nutritional supplementation.  

This thesis was divided into three parts: Part A addressed dietary intake and diet quality 

following bariatric surgery, Part B focused on nutritional supplementation and Part C of 

this thesis was dedicated to pregnancy after bariatric surgery, as this period may pose an 

additional risk on nutritional status. In this final chapter, the main findings of this thesis 

are discussed, as well as methodological and conceptual considerations and implications 

and suggestions for future research. 

 

Main findings 

Overall, both favorable and unfavorable changes in nutrient composition and diet quality 

were observed six months after bariatric surgery. Favorable changes included a decrease 

in the consumption of unhealthy food choices, red and processed meat and sodium, and 

an increase in dairy consumption as well as relative protein intake, whereas unfavorable 

changes included a reduced consumption of vegetables and wholegrain products along 

with a decreased fiber and micronutrient intake, and an increase in the intake of mono- 

and disaccharides (Chapter 2). A short screener for diet quality (Eetscore FFQ) showed to 

be acceptably correlated with diet quality index scores derived from 3-day food records, 

but absolute agreement was poor (Chapter 3). 

Furthermore, a specialized multivitamin supplement (MVS) for sleeve gastrectomy 

patients was designed and optimized (Chapter 4, 5 and 6). Overall, this supplement was 

more effective in improving serum levels of hemoglobin, folic acid, vitamin D and vitamin 

B1 compared to standard over-the-counter supplementation. Non-users of MVS 

generally presented with the most deficiencies as well as the lowest serum 

concentrations for most evaluated micronutrients. Factors underlying low adherence to 

daily MVS use included poor motivation and knowledge, high costs and unpleasant smell 

and taste of supplements, gastrointestinal side effects after intake, and dissatisfaction 

with the received healthcare (Chapter 7). 
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Pregnancy within 12 months following bariatric surgery was associated with lower 

gestational age, gestational weight gain and neonatal birth weight, and inadequate 

gestational weight gain was in turn also associated with lower gestational age and lower 

neonatal birth weight in comparison with adequate weight gain during pregnancy 

(Chapter 8). Compared to standard or prenatal supplements, the use of specialized MVS 

during pregnancy resulted in improved serum levels of hemoglobin, ferritin, folic acid 

and vitamin B6 after Roux-en-Y gastric bypass, and in improved serum levels of vitamin 

D after sleeve gastrectomy (Chapter 9). However, serum levels of vitamin B1 were lower 

in specialized MVS users compared to standard MVS users during pregnancy after sleeve 

gastrectomy.  

 

Nutritional intake after bariatric surgery 
In the past decade, scientific interest and evidence on the implications of bariatric 

surgery on nutritional status has increased considerably. Consequently, several 

organizations have proposed guidelines for nutritional care of individuals undergoing 

bariatric surgery. The most commonly used guideline is from the American Society for 

Metabolic and Bariatric Surgery (ASMBS), who published their first guideline in 2008 [1]. 

In 2016 and 2019, the guidelines were updated by including more detailed 

recommendations, amongst others on optimal doses of micronutrients for preventing 

deficiencies [2, 3]. Yet, the majority of these recommendations were still based on weak 

(Grade C; 29%) or no conclusive evidence and/or expert opinion (Grade D; 41%) [2]. To 

illustrate, daily vitamin B1 requirements are estimated to be 12 mg per day, which is 

based on a single study including a small sample of women undergoing Roux-en-Y 

gastric bypass (n=11) and sleeve gastrectomy (n=11) that showed stable serum vitamin 

B1 concentrations after daily supplementation with 12 mg of thiamine for three months 

post-surgery [4]. In Chapter 4 and 5, we observed a deficiency prevalence of less than 

5% and mean serum vitamin B1 concentrations near the upper reference limit after daily 

supplementation with 2.00-2.75 mg of thiamine. Despite the fact that complications of 

high doses of thiamine are rare as the body can excrete excess amounts of vitamin B1 in 

the urine [5], the ASMBS recommendation of at least 12 mg vitamin B1 (>1000% RDA) 

per day seems highly overestimated for bariatric patients who do not experience 

excessive vomiting. 

Overall, evidence-based requirements for the prevention of micronutrient deficiencies 

after bariatric surgery are still lacking for most nutrients. Besides, consensus on 

recommended doses for supplementation during pregnancy after bariatric surgery is 

also urgently needed as there is limited consistency across current recommendations. 

206

Chapter 10



 

 

For example, recommendations for vitamin B12 vary from 350-1000 µg orally per day to 

1000 µg via intramuscular injection every 1-3 months, and iron recommendations range 

from 27 to 80 mg per day during pregnancy post-bariatric surgery [6, 7]. 

 

Uniform evidence-based dietary guidelines for bariatric patients are also lacking. In the 

Netherlands, individuals who undergo bariatric surgery are advised to use an energy-

restricted diet based on the general Dutch food-based dietary guidelines published in 

2015 by the Health Council of the Netherlands [8]. Other authors have speculated that it 

may be inappropriate for bariatric patients to be expected to meet the same dietary 

recommendations as the general population due to the restrictive nature of the bariatric 

procedure [9]. General dietary recommendations after bariatric surgery include 

prioritizing protein intake, minimizing high-sugar and high-fat foods, eliminating sugar-

sweetened beverages and alcohol, and increasing the consumption of fiber-rich foods 

[10, 11]. Moize and colleagues have translated these recommendations into a nutritional 

pyramid, based on a Mediterranean-style diet [10]. For a 1200-kcal diet with 60 grams of 

protein, recommended amounts include 2-3 servings of vegetables, 2-3 servings of fruit, 

2 servings of (whole)grains and 4-6 servings of protein per day [10]. For comparison, an 

energy-restricted diet based on the general Dutch food-based dietary guidelines (1500 

kcal, 80 grams protein) contains about 2-3 servings of vegetables, 2 servings of fruit, 5-7 

servings of (whole)grains and 4-6 servings of protein per day [12, 13]. Both guidelines 

emphasize to limit the intake of alcohol and high-sugar and high-fat foods and 

beverages. The main difference between the guidelines is the amount of (whole)grain 

products that should be consumed on a daily basis. Overall, poor fiber intake is 

frequently reported in the bariatric population [14-19], which was also demonstrated in 

Chapter 2. Next to the general health benefits of dietary fiber, poor fiber intake in this 

population has also been linked to constipation, which is a common problem after 

bariatric surgery [14, 16]. For these reasons, we would recommended the general Dutch 

dietary guidelines for long-term eating behavior after bariatric surgery in order to 

achieve a healthy dietary pattern and associated health benefits. 

 

Dietary assessment and misreporting  

Accurately assessing dietary intake is challenging as current dietary assessment methods 

are often limited by reporting inaccuracy, subjective estimation of portion sizes, recall 

bias and misreporting [20]. It is therefore plausible that dietary intake measured 

throughout the chapters of this thesis is also prone to some error. 
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In Chapter 2 and 3, dietary intake was assessed with 3-day food records. Limitations of 

this assessment method include the relatively large respondent burden and reactivity 

biases such as changing the usual diet to simplify recording or social desirability to 

overreport foods that are perceived as healthy and underreport less healthy foods [21, 

22]. Interviewer bias can also be introduced by insufficient training of the respondents, a 

non-deep check of the collected food record or mistakes in coding and entering the 

dietary data [21, 23]. We aimed to increase the reliability of our dietary intake data by 

providing detailed instructions, randomizing recording days and thoroughly checking 

completed records. Despite the instructions to weigh all foods and beverages consumed, 

the majority of the participants used standard units and household measures for the 

estimation of portion sizes. Weighed food records could have provided more precise 

estimates of consumed portions. Likewise, increasing the number of reporting days 

could have minimized random error [21], resulting in a more precise estimation of dietary 

intake.  

In Chapter 3, the 3-day food records were used as a reference method for the validation 

of the Eetscore FFQ, which is a short Food-Frequency Questionnaire (FFQ) that assesses 

dietary intake over the previous month, based on 55 food items that account for 85% of 

energy intake from the adult population of the Dutch National Food Consumption 

Survey of 2007-2010 [24]. FFQs are useful for assessing overall dietary intake or a change 

in intake over time [21]. An important limitation of this assessment method is recall bias, 

as accuracy of reporting largely relies on respondent memory [25]. Furthermore, dietary 

intake data is restricted to items that are listed in the instrument. Especially short FFQs 

are for that reason not reliable for measuring total energy and nutrient intake [25]. 

Another challenge is the accurate estimation of portion sizes [26]. Within the Eetscore 

FFQ, portion sizes are assessed in standard portions and commonly used household 

measures. Particularly after bariatric surgery, a significant reduction in portion sizes may 

implicate that methods that rely on predefined portion sizes do not accurately reflect 

actual intake [27]. 

 

Overall, all subjective dietary assessment methods are highly susceptible to 

misreporting, particularly underreporting, which is a common bias in nutrition research. 

Various explanations for misreporting have been described, such as misrepresentation 

of portion sizes, social desirability to overreport foods that are perceived as healthy and 

underreport less healthy foods, and actual changes in eating behavior when recording 

food intake [28-30]. Underreporting can be intentional or unintentional and may be 

influenced by factors such as sex, age and education [28-30]. Body mass index also 
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appears to be a significant predictor of dietary underreporting, with individuals with 

obesity underreporting to a greater extent than individuals without obesity [28, 31]. The 

reasons why individuals with obesity are more likely to underreport are not well 

understood. They may differ in personal characteristics underlying underreporting such 

as education [30], but psychological factors including negative social attitudes towards 

their overweight and guilt about the quantity or type of food consumed may also affect 

its magnitude [27]. Waterworth and colleagues have recently added another interesting 

explanation for this observation by stating that the more extensive underreporting seen 

in this population might simply be a function of larger energy intake values and 

associated measurement errors [29]. They showed that allometric-scaling of total energy 

expenditure and energy intake removed the effect of obesity on underreporting, 

indicating that individuals with obesity do not underreport to a greater extent than 

normal-weight individuals when the effect of their larger body mass and associated 

greater energy needs are taken into account [29]. 

Within studies on dietary intake in the bariatric population, the failure to acknowledge 

the phenomenon of misreporting is a major concern. In a review including 49 papers on 

changes in dietary intake and appetite following Roux-en-Y gastric bypass, only three 

studies evaluated the possibility of misreporting but they differed in the method of 

calculation and in the interpretation of the outcomes [27].  

 

The most commonly used methods for assessing the accuracy of self-reported dietary 

intake data are the doubly labelled water (DLW) method [32] and the Goldberg cut-off 

method [33-35], which are both based on the fundamental principle of energy 

metabolism. The DLW method has become the gold standard for measuring energy 

expenditure but is expensive and requires advanced laboratory equipment [36]. 

Therefore, several studies have used the Goldberg cut-off method to identify potential 

underreporters of total energy intake. In this method, the ratio of reported energy intake 

to basal metabolic rate (BMR) is compared against estimated cut-offs based on physical 

activity level at a confidence level of 95%.  

Yet, the applicability of these techniques in the bariatric population is unknown as they 

largely rely on the condition of weight stability, which is violated post-surgery, resulting 

in an invalid ratio between reported energy intake and energy requirement. Besides, it is 

largely unknown if predicting equations for BMR are accurate in this population [37]. In 

Chapter 3, we therefore assumed that participants who were identified as potential 

underreporters of energy intake before bariatric surgery also underreported their intake 

after surgery, which is most likely not an accurate representation.  
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Besides, it is difficult to assess whether underreporting of energy intake is in turn also 

associated with macronutrient-specific misreporting [27]. Until the efficacy of these 

methods has been evaluated in the bariatric population, only tentative conclusions 

should be drawn from subjectively reported dietary intake data [38]. 
 

The reliability of dietary intake data is often limited by reporting inaccuracy, 

subjective estimation of portion sizes, recall bias and misreporting. 

 Improving the accuracy of existing and new dietary assessment tools could result 

in better evaluation of dietary intake in this population. 

 

Validation of dietary assessment tools 

Validation of dietary assessment methods is conducted to determine how accurately 

self-report instruments measure true dietary intakes [22]. To determine the validity of an 

instrument, it is often compared with another instrument measuring the same concept 

and known to be accurate or considered as a gold standard [22]. Ideally, dietary 

assessment methods need to be validated against objective markers, such as dietary 

biomarkers. Currently, there are only a few biomarkers for dietary assessment that are 

well-established, including 24-hour energy expenditure measured by indirect 

calorimetry for energy, and 24-hour urinary nitrogen for protein [20]. While these 

biomarkers are accepted as more accurate and useful, they are reflective of dietary 

nutrient intake rather than consumption of specific foods, highlighting the need for food 

intake biomarkers [20]. For example, biomarkers as proline betaine for measuring intake 

of citrus fruit [39] and guanidoacetate for measuring chicken consumption [40] have 

been identified. Moreover, biomarkers of specific dietary patterns such as the 

Mediterranean diet are rapidly emerging [41]. However, the use of dietary biomarkers is 

not without limitations; costs and degree of invasiveness are important factors to take 

into consideration [42]. For this reason, subjective methods such as food records, as we 

used for the validation of the Eetscore FFQ in Chapter 3, are still most commonly used in 

dietary validation studies [22, 43]. Efforts to increase the duration of recording in the 

reference method could have provided a better measure of habitual intake that was 

generally more similar to the type of information generated by the Eetscore FFQ [43].  

Validating dietary assessment tools within the target population is also essential. 

Currently, there is a clear lack of validated tools that can be used for the bariatric 

population. According to a recent review documenting dietary assessment tools that are 

used among patients targeted for bariatric surgery and those who have undergone 

bariatric surgery, only 25% of the 108 included studies validated their dietary assessment 
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tool or used a tool that had been previously validated, and only 10% were validated in 

the bariatric population [22]. Furthermore, none of these studies differentiated the 

validity of the tool to measure dietary intakes prior to and after surgery [22], as we 

performed in Chapter 3. 
 

Identification of the most relevant dietary assessment tools that are validated 

prior to and after bariatric surgery would allow to measure dietary intake more 

accurately.  

Additional studies are needed in order to develop valid and robust dietary 

assessment tools, taking the potential biases in this population into account. 

 

Assessment of supplement use 

Collecting accurate information on supplement use including type, composition, dose 

and compliance is essential in performing research on the efficacy of multivitamin 

supplementation after bariatric surgery. The high variety in type, composition and dose 

of available MVS is particularly challenging when comparing nutritional status in a real-

life setting (Chapter 6, 9), whereas the low compliance with assigned supplement 

regimes is a major challenge in (controlled) intervention studies (Chapter 4, 5). Due to 

the relatively small sample sizes in Chapter 6 and 9, we were limited to categorize all 

MVS as either specialized MVS or standard MVS. However, the exact composition and 

dose of nutrients differ between brands, and dosing varied from 1-3 supplements per 

day which may all have impacted the daily administered dose of micronutrients. 

Furthermore, many participants stopped taking their assigned supplements or became 

less consistent with supplement intake over time in Chapter 4 and 5, which is in 

accordance with previous literature [44-49] as well as the findings from Chapter 7. In 

both the intervention and control groups, only about half of the participants still reported 

to use the assigned supplement at 12 months post-surgery. Additionally, information on 

compliance was subjective and incomplete which might have led to an overestimation 

of compliant participants. The large variation in composition and doses of available MVS 

as well as the level of compliance with the assigned supplement regimen could have 

played a vital role in the development of nutritional deficiencies and consequently have 

biased our comparisons between the supplement groups. Strikingly, only 4% of the 

participants in Chapter 9 did not use MVS during pregnancy, which implicates that this 

period offers a window of opportunity to improve compliance with MVS intake. 

Next to daily MVS, additional micronutrient supplementation is also frequently used in 

this patient population. For instance, all bariatric patients are advised to use additional 
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calcium/vitamin D3 supplementation as part of the standard treatment after surgery. 

Furthermore, intravenous iron infusions and hydroxocobalamin injections are frequently 

used and can highly impact subsequent micronutrient serum concentrations. Although 

we attempted to correct for the use of additional supplementation in Chapters 4, 5, 6 

and 9, information on the intake of additional supplementation was also subjective and 

probably incomplete. To some extent, this could have impacted our findings regarding 

the efficacy of evaluated MVS as well. Overall, we also largely relied on the type of 

information that was available in the medical records for the assessment of supplement 

use. The use of questionnaires could have provided more detailed information on 

supplement intake. Considering the limitations of including questions on supplement 

intake into general dietary assessment tools [50], validated questionnaires are needed to 

obtain accurate data on supplement use in this patient population. Moreover, future 

studies require greater sample sizes in order to obtain sufficient statistical power to 

address the large variations in real life supplement use.  
 

Evaluating the efficacy of multivitamin supplementation can be limited by the 

wide variety in available supplements, the level of compliance and the use of 

additional micronutrient supplementation.  

Future research with greater sample sizes should include accurate measures of 

supplement intake in order to provide more valid comparisons. 

 

Specialized multivitamin supplementation after bariatric surgery 

To date, only a few trials are available that study the effect of (specialized) MVS on 

nutritional status after bariatric surgery. Consequently, the search for the most optimal 

MVS formulation for bariatric patients is still ongoing. As demonstrated in Chapters 4, 5 

and 6, the use of specialized MVS containing high doses of several micronutrients 

including folic acid, vitamins B12 and D, elementary iron and zinc has a positive impact 

on nutritional status after sleeve gastrectomy by decreasing the risk of developing 

micronutrient deficiencies. Nevertheless, these conclusions are solely based on our 

findings with regards to this particular supplement (WLS Optimum; FitForMe, the 

Netherlands) and are less generalizable to other bariatric MVS formulations. Although 

comparable findings have been reported after using specialized MVS for Roux-en-Y 

gastric bypass [51, 52], the supplement under investigation was from the same 

manufacturer as WLS Optimum (WLS Forte; FitForMe, the Netherlands). Similarly, about 

90% of the specialized MVS that were used during pregnancy after bariatric surgery in 
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Chapter 9 were either WLS Optimum or WLS Forte, and findings were mostly in line with 

those demonstrated in the general bariatric population (Box 1). 

 

Considering the large variety in composition of available bariatric MVS, future research 

into other formulations is urgently needed. Until then, we conclude that despite the 

efforts to produce different MVS formulations for each type of bariatric procedure, 

specialized MVS are no one-size-fits-all solution. To illustrate, we observed both low as 

well as elevated serum ferritin levels in users of specialized MVS after sleeve gastrectomy 

(Chapter 6), pointing out the complexity of micronutrient supplementation. 

Furthermore, it can be speculated that specific groups are at higher risk of iron deficiency, 

such as premenopausal and pregnant women. Future dose-response studies in 

subgroups as well as exploring different methods (i.e. alternate day dosing) or forms (i.e. 

ferrous fumarate vs ferrous sulphate) of supplementation could provide more insight 

into the most optimal formulation. Furthermore, new approaches such as nutritional 

genomics may open the door to implement more personalized recommendations for 

micronutrient supplementation in the future [53]. 
 

The use of specialized 'weight loss surgery' multivitamin supplementation is 

preferred over the use of standard supplementation after bariatric surgery.  

Future research should provide more insight into the nutritional needs of different 

subgroups of bariatric patients. 

Box 1. Findings with respect to the efficacy of specialized MVS compared to standard MVS in the general 

vs pregnant population after bariatric surgery. 
 

General population Pregnant population 

Roux-en-Y gastric 

bypass 

 

Previous research [49, 50]: 

↑  serum hemoglobin level 

↓  anemia 

↑  serum ferritin level 

↓  iron deficiency 

↑  serum folic acid level 

↑  serum vitamin B12 level 

Chapter 9: 

↑  serum hemoglobin level 

 

↑  serum ferritin level 

↓  iron deficiency 

↑  serum folic acid level 

  

↓  serum vitamin B6 level 

Sleeve Gastrectomy Chapter 4, 6: 

↑  serum hemoglobin level 

↑  serum folic acid level 

↑  serum vitamin D level 

↓  vitamin D deficiency 

↑  serum vitamin B1 level 

Chapter 9: 

↑  serum vitamin D level 

 

↓  serum vitamin B1 level 
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Nutritional assessment after bariatric surgery 

Assessment of the prevalence, causes and consequences of micronutrient deficiencies, 

along with monitoring and evaluating the impact of interventions is of great importance 

after bariatric surgery. Micronutrients can be quantitatively measured in various 

biological matrices such as blood, urine, saliva, cells, hair, and nails [54]. Blood testing is 

generally the only available tool in clinical settings and research, but this method faces 

some limitations.  

 

Assessment and interpretation of micronutrient status  

The first thing that should be taken into account when interpreting micronutrient status, 

is that plasma or serum concentrations of specific micronutrients such as folate are only 

short-term markers of status as they are highly sensitive to recent intake [55-57]. Whole 

blood and red blood cell measurements generally reflect the longer-term status as they 

tend not to be affected by recent dietary intake, and are thus considered more reliable 

indicators of micronutrient status [56]. Furthermore, plasma or serum tests may miss 

functional deficiencies. Measuring the mass (quantity) of a nutrient in a cell is different 

from measuring its functionality (quality); it does not matter how much of the nutrient 

exists in or out the cell if that cell is incapable of utilizing the nutrient [56]. Functional 

deficiencies may exist in the presence of apparently normal blood levels because of poor 

transport of nutrients across the cell membrane, missing cofactors, circadian rhythms 

and fluctuation of blood levels with recent supplement or food intake [56]. For that 

reason, the diagnosis of nutritional deficiencies for some micronutrients may be best 

assessed by functional indicators or a combination of both direct and functional 

indicators [58]. Direct indicators are circulating concentrations of the micronutrient 

under investigation [58]. An example of a direct indicator for vitamin B12 status is 

holotranscobalamin (active B12) [56, 58]. In contrast to direct indicators, functional 

indicators or biomarkers reflect metabolic or functional consequences of an inadequate 

micronutrient status and are referred to as indicator of intracellular micronutrient 

deficiency [58]. In the example of vitamin B12, a functional biomarker is (elevated) 

methylmalonic acid (MMA). MMA is considered to be the proxy gold standard and the 

most reliable test for the evaluation of vitamin B12 status as it is unaffected by folate 

status [56]. Yet, functional biomarkers are not available for many micronutrients and 

existing biomarkers such as MMA are expensive [59]. As we did not include functional 

biomarkers of micronutrient status in Chapters 4, 5, 6 and 9, we cannot conclude if the 

observed low nutrient levels in these chapters were true deficiencies. In future studies, it 

is important to distinguish between low blood levels and true deficiencies, as 
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emphasized in the latest ESPEN guideline [60]. A deficiency implies a functional or 

physical effect of impaired status, whereas depletion is impaired status without such 

effects [60].  

 

Another factor complicating the assessment of poor micronutrient status is 

inflammation. The acute-phase response to infection can result in significant changes to 

plasma levels of several micronutrients, independently of dietary supply and of 

nutritional status [56]. The magnitude of this change varies with the degree of 

inflammation and is greatest for iron, zinc, selenium, vitamin B6 and vitamin A, resulting 

in lower circulating levels [56, 61]. C‐reactive protein (CRP) can be used as a marker for 

the intensity of inflammation. Plasma iron, selenium and vitamin B6 are unreliable when 

CRP is >10 mg/L, and plasma zinc and vitamin A are unreliable when CRP is >20 mg/L 

[56]. As inflammation can be driven by surgery, any subsequent complications and 

possibly obesity, it is therefore critical to collect a marker of inflammation when 

interpreting serum micronutrient status [62]. The presence of inflammation could have 

led to the misinterpretation of poor micronutrient status in Chapters 4, 5, 6 and 9. This 

particularly affects the reliability of the comparisons between the different MVS groups 

in these chapters. Including CRP at each blood test could have provided insight into the 

presence of inflammation, contributing to a more valid interpretation of the results. 

Nowadays, specific R-packages have even been developed that include inflammation 

adjustment equations for retinol-binding protein, serum retinol, serum ferritin, soluble 

transferrin receptor and serum zinc using CRP [63]. Other factors influencing nutrient 

concentrations include nutrient-nutrient interactions (e.g. folate and vitamin B12), drug–

nutrient interactions (e.g. proton-pump inhibitors and metformin) and genetic variants 

[53, 58].  

 

Lastly, laboratory results may be different based on the used assays which underlines the 

importance of using locally validated reference ranges [56]. In Chapter 4, 5, 6 and 9, used 

assays and corresponding reference ranges have changed over time and differed 

between centers. Using the wrong reference range could have led to a false 

interpretation of status for that nutrient. Ideally, corresponding reference ranges should 

have been determined on an individual level to provide a more valid interpretation of 

low blood levels, as was performed in Chapter 6 and 9. Additionally, the use of other 

techniques such as transforming serum data corresponding with different reference 

values to the same scale could have also been used to provide a more accurate 

comparison of blood levels resulting from different assays [64].  
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Adding functional indicators of micronutrient deficiencies, using CRP as a marker 

for inflammation and applying correct reference ranges in nutritional assessment 

can largely improve the validity and interpretation of micronutrient status 

following bariatric surgery. 

 

Assessment and interpretation of micronutrient status during pregnancy 

Next to the abovementioned limitations including the lack of biomarkers, the presence 

of inflammation and the use of different assays and reference ranges, the main challenge 

in assessing nutritional status in pregnant women is the lack of uniform pregnancy-

specific cut-offs for most micronutrients [58]. During pregnancy, a 25-30% physiological 

decrease in the levels of hemoglobin, ferritin, folic acid, vitamins A, B12 and D, PTH and 

calcium is expected as a result of the expanding maternal blood volume by 

approximately 50% (hemodilution) and increasing demands of the growing fetus [65-

67]. These physiologic changes likely impact the variability of serum concentrations and 

thereby the interpretability of available cut-offs [58]. In Chapter 9, we only used 

pregnancy-specific cut-off values for hemoglobin [68] as uniform, evidence-based 

pregnancy-specific cut-offs for most other micronutrients are lacking. As a result, the 

number of nutritional deficiencies may have been overestimated. Ideally, laboratories 

should provide locally validated reference ranges for pregnant women to recognize 

changes in normal laboratory values induced by pregnancy. Although some guidelines 

on laboratory values in healthy pregnant women are available [69, 70], differences in 

used assays and population groups may limit their transferability to other centers and 

populations. For future research, it would be useful to include control groups of pregnant 

women with normal weight, overweight and obesity to gain more insight into the course 

of serum concentrations during general pregnancy in order to establish correct reference 

ranges for nutritional status during pregnancy following bariatric surgery.  
 

Serum concentrations might naturally decrease during pregnancy. 

 Locally validated reference ranges as well as more insight into nutritional status 

during regular pregnancy may improve the interpretation of micronutrient status 

during pregnancy following bariatric surgery. 

 

Long-term consequences of bariatric surgery  
As the first bariatric procedure was performed more than five decades ago [71], research 

on long-term health after bariatric surgery is arising. However, several evidence gaps 
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including potential long-term adverse effects of using high-dose supplementation and 

the transgenerational consequences of bariatric surgery still need to be addressed. 

 

Potential adverse effects of high-dose supplementation 

Despite the efficacy of specialized MVS on the prevention of nutritional deficiencies after 

bariatric surgery, a downside of the daily use of high-dose supplementation may be the 

risk of toxicity or 'hypervitaminosis'. The consequences of hypervitaminosis may be just 

as important as those resulting from deficiencies; however, clinical symptoms are often 

rare and difficult to recognize. In the short term, excess serum levels of for example 

vitamin B6 may cause neuropathic symptoms [72]. In Chapters 4, 5, 6 and 9, extremely 

high serum levels (>200 nmol/L) of vitamin B6 were found in some patients. Clinical 

manifestations of toxicity have not been actively investigated, but no adverse events due 

to hypervitaminosis for vitamin B6 were reported. Moreover, toxicity may depend on 

which form of a nutrient is used in a supplement. Vrolijk et al. [73] found that the 

neuropathy observed after taking a relatively high dose of vitamin B6 supplements is due 

to pyridoxine. They suggested to replace pyridoxine by pyridoxal or pyridoxal-phosphate 

in supplements containing vitamin B6 [73]. More importantly, potential adverse effects 

resulting from the daily use of high-dose supplementation after bariatric surgery on the 

long term is largely unknown and observational data is lacking. Research in the general 

population has indicated several adverse events related to high serum levels of certain 

nutrients. For instance, high plasma concentrations of vitamin B12 have been associated 

with increased risks of certain types of cancer [74, 75] and all-cause mortality [76]. 

Furthermore, a meta-analysis of the dose-response relationship between vitamin E 

supplementation and all-cause mortality showed that 9 of 11 trials testing a high dose 

of vitamin E (≥ 400 IU per day) showed an increased risk for all-cause mortality compared 

to control groups [77]. A dose-response analysis also showed a statistically significant 

relationship between vitamin E dosage and all-cause mortality, with increased risk of 

doses greater than 150 IU per day [77]. However, it is not known if and how such high 

doses are being absorbed by individuals who underwent bariatric surgery. More research 

is needed to confirm the safety of long-term use of high-dose supplementation after 

bariatric surgery.  

 

Potential toxicity of using high-dose supplementation after bariatric surgery is 

largely unknown and observational data on the long-term consequences of 

elevated serum levels in this patient population are urgently needed. 
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Transgenerational consequences of bariatric surgery 

As the number of bariatric procedures in women of childbearing age is still increasing 

worldwide, there is an urgency to understand the long-term consequences of 

consequential caloric restriction, micronutrient deficiencies, and lifelong 

supplementation on the long-term health of mother and child. Maternal nutrition during 

pregnancy has a pivotal role in the regulation of placental-fetal development and 

thereby affects the lifelong health of the offspring [78]. Chronic undernutrition and 

correlated neonatal growth restriction have been linked to health consequences later in 

life, the so-called 'Barker Hypothesis' [79]. For example, the consequences of lifelong 

deficiencies and (iatrogenic) undernutrition during the life course have been reported 

excessively in studies performed in low and middle income countries. More specifically, 

the transgenerational effects of malnutrition in utero have been investigated in detail in 

the Dutch Famine Cohort, resulting in an increased risk of cancer and cardiovascular 

disease later in life [80-82]. A higher prevalence of intrauterine growth restriction and 

small-for-gestational age has also been observed in infants born after maternal bariatric 

surgery, compared to infants of non-operated women with obesity [83-87]. Currently, it 

is not completely understood how maternal bariatric surgery may impact fetal growth 

and programming, and children's long-term health and development, but these effects 

are possibly mediated through gestational weight gain, glucose metabolism (e.g. 

maternal hypoglycemia) and altered absorption of nutrients [88-90]. Araki and 

colleagues found that personalized nutrition counselling during pregnancy after 

bariatric surgery improved nutrient intake and may contribute to higher birth weight of 

the offspring [91]. Data from large prospective cohort studies, starting before pregnancy 

and continuing after the post-partum period are required to obtain insight in long-term 

effects and transgenerational consequences of bariatric surgery. This is also in line with 

the general future research focus which shifts from studying health at one point in time 

towards studying health over the life course.  

 

In order to break the vicious cycle of obesity and its health consequences, future 

research should focus on the growth and development of children born after 

maternal bariatric surgery.  

Ultimately, this will contribute to the prevention of obesity in future generations. 
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Conclusion and future perspectives 

Based on the findings of this thesis, the following can be concluded:  

 

A. Both favorable and unfavorable changes in dietary intake and diet quality are 

observed following bariatric surgery. Insight into these changes may help dietitians 

and other healthcare practitioners to understand potential pitfalls in order to improve 

dietary counselling of their patients.  

Identification of the most relevant dietary assessment tools that are validated prior to 

and after bariatric surgery would allow to measure dietary intake more accurately. 

Moreover, web-based and technology-assisted assessment methods have been 

emerging and potential benefits and risks associated with these methods need to be 

evaluated in the bariatric population. Besides, future research is required to establish the 

magnitude and direction of misreporting within this patient population, and to provide 

effective methods to account for this bias in nutritional research. Furthermore, additional 

studies into long-term changes in dietary intake and diet quality are needed as dietary 

intake and eating behavior are likely to transition over time between the first catabolic 

phase and the maintenance phase. 

 

B. The high risk of developing poor nutritional status together with the decreased 

adherence to daily supplement intake over time reinforces the need for long-term 

nutritional counselling while taking patients' barriers related to supplement use into 

account. Although they are no one-size-fits-all solution, we carefully conclude that the 

use of specialized 'weight loss surgery' multivitamin supplementation is preferred 

over the use of standard over-the-counter supplementation after bariatric surgery. 

Future research into other types of specialized supplementation for bariatric patients as 

well as nutritional needs of different subgroups such as pregnant women is needed to 

gain more insight into the most optimal formulation. Ideally, nutritional needs of 

bariatric patients should be assessed on an individual basis but that is currently not 

feasible. Furthermore, adding functional markers of micronutrient deficiencies, using 

CRP as a marker for inflammation and applying correct reference ranges can largely 

improve the validity and interpretation of micronutrient status in future studies. Besides, 

compliance with daily supplement intake remains an important issue that should be 

targeted in order to improve nutritional status after bariatric surgery. Next steps towards 

better compliance with daily supplement intake include optimizing supplements to 

reduce unpleasant smell, taste and gastrointestinal side effects after intake, 

219

10

General discussion



 

 

reimbursement of (specialized) supplements to overcome the high costs and improving 

patient education and patient-tailored decision making.  

Meanwhile, observational data on the long-term consequences of using high-dose 

supplementation in this patient population is urgently needed.  

 

C. During pregnancy after bariatric surgery, specific attention is needed on the optimal 

timing of conception, achieving adequate gestational weight and providing adequate 

supplementation to improve nutritional status of this population at risk. 

Areas of research that need further robust investigation include gestational weight gain 

recommendations, nutritional requirements and supplementation strategies, impact of 

nutritional status on neonatal outcomes and other relevant factors such as adequacy of 

breast milk after maternal bariatric surgery.  

Importantly, future studies should not only include women receiving secondary or 

tertiary obstetrician-led care, but also women receiving primary midwife-led care to 

confirm our findings and increase their external validity. Ideally, these studies should be 

performed by designing transgenerational cohorts that can provide a fundamental basis 

for the development of evidence-based guidelines for optimal guidance of women of 

reproductive age with a history of bariatric surgery to ultimately achieve optimal health 

for mother and child. 

 

Overall, we conclude that:  

Regular nutritional assessment and counseling focused on adequate dietary 

intake and nutritional supplementation are essential in achieving optimal 

nutritional status, ultimately contributing to improved long-term health after 

bariatric surgery. 
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To date, bariatric surgery is the only effective strategy to treat severe obesity, resulting 

in long-term weight loss, reduction of obesity-related comorbidities, overall mortality 

and improvement in quality of life. Despite these benefits, all bariatric procedures alter 

the anatomy and physiology of the gastrointestinal tract, thereby influencing intake, 

digestion and absorption of nutrients. This may in turn impact nutritional status. The 

overall aim of this thesis was to gain more insight into factors affecting nutritional status 

after bariatric surgery, including dietary intake and nutritional supplementation. 

Furthermore, we have studied pregnancy after bariatric surgery as this period may pose 

an additional risk on nutritional status. 

 

In part A of this thesis, we focused on dietary intake and diet quality after bariatric 

surgery. In Chapter 2, short-term changes in macro- and micronutrient composition and 

diet quality in the first six months following bariatric surgery were evaluated. Diet quality 

was assessed by adherence to the Dutch food-based dietary guidelines by using the cut-

off criteria of the Dutch Healthy Diet index. Favorable changes in dietary intake included 

a decrease in the consumption of unhealthy food choices (e.g. sweets and snacks), red 

and processed meat and sodium, and an increase in dairy consumption as well as in 

relative protein intake after bariatric surgery. However, unfavorable changes including 

reduced consumption of vegetables and wholegrain products along with a decreased 

fiber and micronutrient intake, and an increase in the intake of mono- and disaccharides 

were also observed six months post-surgery.  

Collecting accurate measures of dietary intake is essential for optimal nutritional care 

after bariatric surgery. However, validated dietary assessment tools in this specific 

population are lacking. In Chapter 3, we evaluated the relative validity and 

reproducibility of the Eetscore FFQ as a short screener for diet quality after bariatric 

surgery. The Eetscore FFQ showed to be acceptably correlated with the Dutch Healthy 

Diet index derived from 3-day food records (reference method). Yet, the Eetscore FFQ 

showed higher index scores than the food records and absolute agreement between the 

two methods was poor. Considering the need for valid dietary assessment tools that 

reduce the burden for patients, practitioners and researchers, the Eetscore FFQ can be 

used for ranking individuals according to diet quality and for monitoring relative changes 

in diet quality over time. 

 

In part B of this thesis, we focused on nutritional supplementation after bariatric surgery. 

In Chapters 4, 5 and 6, a specialized 'weight loss surgery' multivitamin supplement (MVS) 

for sleeve gastrectomy patients was designed and optimized (WLS Optimum).  
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In Chapter 4, the first version of this supplement was compared to a standard over-the-

counter MVS in a randomized controlled trial. Intention-to-treat analysis demonstrated 

higher serum levels of vitamin B1 and more folic acid deficiencies in the intervention 

group compared to the control group after 12 months. Based on these results, WLS 

Optimum was optimized and evaluated in a single-arm open-label trial (Chapter 5). 

Compared to its previous version, use of WLS Optimum 2.0 resulted in higher serum 

levels of vitamin B12, vitamin B6 and zinc, but lower serum levels of folic acid during the 

first year after sleeve gastrectomy. Deficiencies for vitamin B12 and phosphate were also 

less prevalent in the WLS Optimum 2.0 group. In Chapter 6, the three year follow-up 

results of both studies were presented. We found that users of specialized MVS (WLS 

Optimum 1.0 + 2.0) had higher serum levels of hemoglobin, folic acid, vitamin B12, 

vitamin D and calcium compared to standard MVS users and/or non-users of MVS. 

Deficiencies for folic acid and vitamin D were also least prevalent in the WLS Optimum 

(1.0) group. Non-users generally presented with the most deficiencies as well as the 

lowest serum concentrations for most micronutrients.  

Low adherence to recommended supplement protocols is a major challenge in both 

research and clinical practice. In Chapter 7, we aimed to gain insight into underlying 

factors and potential facilitators and barriers for daily MVS intake. Of the 4614 patients 

that were included in the study, 93% indicated to be MVS user versus 7% non-users. We 

found that non-users of MVS were younger, more often underwent a sleeve gastrectomy 

and had a longer time interval since surgery than MVS users. Barriers for daily MVS intake 

included poor motivation and knowledge, high costs and unpleasant smell and taste of 

supplements, and gastrointestinal side effects such as nausea after intake. Furthermore, 

we found that patients were often dissatisfied with the instructions and attention paid to 

MVS use as well as the extent to which their personal preferences were taken into 

account during medical consultations.  

 

The final part of this thesis (Part C) was dedicated to pregnancy after bariatric surgery, as 

this period may pose an additional risk on nutritional status. In Chapter 8, we evaluated 

pregnancy and neonatal outcomes by surgery-to-conception interval and by gestational 

weight gain in pregnant women with a history of bariatric surgery. We found that 24% of 

the pregnancies occurred within 12 months after bariatric surgery. Gestational age at 

delivery, gestational weight gain and neonatal birth weight were lower in this group than 

in pregnancies occurring more than 12 months after surgery. Overall, gestational weight 

gain was adequate in only 29% of the pregnancies. Inadequate weight gain during 

pregnancy was also associated with lower gestational age at delivery and lower neonatal 
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birth weight in comparison with adequate gestational weight gain. In addition, (very) 

preterm births were more frequently observed in the inadequate weight gain group (16% 

vs 6%).  

In Chapter 9, we compared differences in nutritional status between users of specialized 

MVS and standard MVS (prenatal or regular MVS) among women with a history of Roux-

en-Y gastric bypass or sleeve gastrectomy. During pregnancy following Roux-en-Y 

gastric bypass, we found that users of specialized MVS (± 73% of participants) had higher 

serum levels of hemoglobin, ferritin and folic acid, and lower serum levels of vitamin B6 

during pregnancy compared to standard MVS users (± 27% of participants). Iron 

deficiencies as well as elevated serum vitamin B6 levels were also less prevalent in the 

specialized MVS group. During pregnancy following sleeve gastrectomy, specialized 

MVS users (± 49% of participants) had higher serum levels of vitamin D but lower serum 

levels of vitamin B1 than standard MVS users (± 51% of participants). The prevalence of 

deficiencies and elevated serum levels was similar between the groups during pregnancy 

after sleeve gastrectomy. 

 

In conclusion, the studies described in this thesis contribute to new insights into factors 

underlying nutritional status after bariatric surgery and paves the way for further 

research. Insight into changes in dietary intake and diet quality may help dietitians and 

other healthcare practitioners to understand potential pitfalls in order to improve dietary 

counselling after bariatric surgery. The high risk of developing poor nutritional status 

together with the decreased adherence to daily supplement intake over time reinforces 

the need for long-term nutritional monitoring and counselling while taking patients' 

barriers related to supplement use into account. Although they are no one-size-fits-all 

solution, we carefully conclude that the use of specialized 'weight loss surgery' 

multivitamin supplementation is preferred over the use of standard over-the-counter 

supplementation after bariatric surgery.  

During pregnancy after bariatric surgery, specific attention is needed on the optimal 

timing of conception and achieving adequate gestational weight gain as well as on 

adequate supplementation to improve nutritional status of this population at risk. 

 

Overall, we conclude that regular nutritional assessment and counseling focused on 

adequate dietary intake and nutritional supplementation are essential in achieving 

optimal nutritional status, ultimately contributing to improved long-term health after 

bariatric surgery.
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Bariatrische chirurgie, ook wel metabole chirurgie genoemd, is momenteel de enige 

bewezen effectieve behandeling voor langdurig gewichtsverlies bij personen met 

ernstige obesitas. De meest voorkomende operaties zijn de Roux-en-Y gastric bypass en 

de gastric sleeve. Bij de gastric bypass wordt de maag verkleind tot het formaat van 

ongeveer een kiwi en wordt een deel van de dunne darm omgeleid zodat de ingenomen 

voeding niet volledig wordt opgenomen. Bij de gastric sleeve wordt een groot deel van 

de maag verwijderd zodat er een kleine, buisvormige maag overblijft. Elke bariatrische 

ingreep verandert dus in meer of mindere mate iets aan de anatomie en fysiologie van 

het maagdarmkanaal. Ondanks de voordelen zoals gewichtsverlies en het verminderen 

of verdwijnen van obesitas-gerelateerde aandoeningen waaronder diabetes en een 

verhoogde bloeddruk, ontstaat hierdoor ook een hoger risico op voedingstekorten. Dit 

kan uiteindelijk leiden tot onder andere bloedarmoede, osteoporose (botontkalking) of 

ondervoeding. Het doel van dit proefschrift was inzicht krijgen in de factoren die van 

invloed zijn op de voedingsstatus na bariatrische chirurgie, waaronder voedingsinname 

en het gebruik van supplementen. Voeding en supplementen kunnen worden gezien als 

twee kanten van dezelfde medaille. Hoewel de inname van supplementen meer bijdraagt 

aan de totale voedingsstofinname dan de inname via de voeding, zijn beiden even 

belangrijk voor het bereiken van een optimale voedingsstatus na bariatrische chirurgie. 

Daarnaast was een deel van dit proefschrift gewijd aan zwangerschap na bariatrische 

chirurgie, gezien deze periode een extra risico kan vormen voor de voedingstoestand. 

 

In deel A van dit proefschrift hebben we ons gericht op de (kwaliteit van) 

voedingsinname na bariatrische chirurgie. In hoofdstuk 2 werden veranderingen in de 

macro- en micronutriënten samenstelling van het eetpatroon en de kwaliteit van de 

voedingsinname gedurende de eerste zes maanden na bariatrische chirurgie 

geëvalueerd. De kwaliteit van de voeding werd beoordeeld aan de hand van de 

Nederlandse voedingsrichtlijnen, waarbij we gebruik hebben gemaakt van de 

afkapwaarden van de 'Dutch Healthy Diet index'. Gunstige veranderingen in de 

voedingsinname waren onder meer een afname in de consumptie van ongezonde 

voedselkeuzes (bijv. snoep en snacks), rood en bewerkt vlees en zout, en een toename in 

de consumptie van zuivel. Daarnaast zagen we ook een toename in de relatieve 

eiwitinname na bariatrische chirurgie. Daarentegen werden er zes maanden na de 

operatie ook ongunstige veranderingen in de voedingsinname waargenomen, 

waaronder een verminderde consumptie van groenten en volkorenproducten, een 

verminderde inname van vezels en micronutriënten en een toename van de 

suikerinname. 
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Het verkrijgen van nauwkeurige gegevens over de voedingsinname is essentieel voor het 

kunnen bieden van optimale voedingszorg na bariatrische chirurgie. Er ontbreken echter 

gevalideerde methoden voor het meten en beoordelen van de (kwaliteit van) 

voedingsinname in deze specifieke populatie. In hoofdstuk 3 evalueerden we de 

relatieve validiteit en reproduceerbaarheid van de Eetscore FFQ als korte screener voor 

de kwaliteit van voedingsinname na bariatrische chirurgie. We vonden een acceptabele 

correlatie tussen de 'Dutch Healthy Diet' index scores afkomstig van de Eetscore FFQ en 

de scores afkomstig van 3-daagse eetdagboeken (referentie methode). Echter 

resulteerde de Eetscore FFQ over het algemeen in hogere index scores dan de 

voedingsdagboeken en de absolute overeenkomst tussen de twee methoden was matig. 

Gezien de grote behoefte aan valide methoden voor het beoordelen van de (kwaliteit 

van) voedingsinname die minder tijdrovend en belastend zijn voor zowel patiënten, 

behandelaars als onderzoekers, kan de Eetscore FFQ worden gebruikt om individuen te 

rangschikken op basis van voedingskwaliteit en om relatieve veranderingen in de 

kwaliteit van voedingsinname in de loop van de tijd te volgen. 

 

In deel B van dit proefschrift hebben we ons gericht op het gebruik van supplementen 

na bariatrische chirurgie. In hoofdstukken 4, 5 en 6 werd een gespecialiseerd 

multivitamine supplement (MVS) dat specifiek was ontworpen voor patiënten met een 

gastric sleeve geëvalueerd en geoptimaliseerd (WLS Optimum). In hoofdstuk 4 werd de 

eerste versie van WLS Optimum vergeleken met een standaard MVS in een 

gerandomiseerd gecontroleerd onderzoek. Uit de 'intention-to-treat' analyse bleek dat 

de interventiegroep hogere vitamine B1 serumwaarden had en dat er meer tekorten voor 

foliumzuur waren in deze groep in vergelijking met de controlegroep. Op basis van deze 

resultaten werd WLS Optimum geoptimaliseerd en geëvalueerd in een éénarmige, open-

label studie (hoofdstuk 5). Vergeleken met de vorige versie resulteerde het gebruik van 

WLS Optimum 2.0 in hogere serumwaarden voor vitamine B12, vitamine B6 en zink, maar 

in lagere foliumzuur serumwaarden gedurende het eerste jaar na de operatie. Tekorten 

aan vitamine B12 en fosfaat kwamen minder vaak voor in de WLS Optimum 2.0 groep. In 

hoofdstuk 6 werden de follow-up resultaten na drie jaar van beide studies 

gepresenteerd. Hieruit bleek dat gebruikers van gespecialiseerde MVS (WLS Optimum 

1.0 + 2.0) hogere serumwaarden van hemoglobine, foliumzuur, vitamine B12, vitamine 

D en calcium hadden in vergelijking met standaard MVS-gebruikers en/of niet-

gebruikers van MVS. Tekorten aan foliumzuur en vitamine D kwamen ook het minst voor 

in de WLS Optimum (1.0) groep. Niet-gebruikers vertoonden over het algemeen de 

meeste voedingstekorten en de laagste serumwaarden voor de meeste micronutriënten. 
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Therapietrouw aan de dagelijkse inname van MVS is een grote uitdaging in zowel 

wetenschappelijk onderzoek als de klinische praktijk. In hoofdstuk 7 probeerden we 

inzicht te krijgen in de onderliggende factoren en potentiële belemmeringen voor het 

dagelijks gebruik van MVS. Van de 4614 patiënten die deelnamen aan de studie, gaf 93% 

aan MVS-gebruiker te zijn versus 7% niet-gebruikers. In vergelijking met MVS gebruikers 

waren niet-gebruikers van MVS over het algemeen jonger, hadden zij vaker een gastric 

sleeve ondergaan en was de operatie gemiddeld langer geleden op het moment van de 

studie. Barrières voor de dagelijkse inname van MVS waren onder meer een slechte 

motivatie en kennis over het gebruik van MVS, hoge kosten en onaangename geur en 

smaak van de supplementen, en gastro-intestinale bijwerkingen zoals misselijkheid na 

inname. Verder vonden we dat patiënten vaak ontevreden waren over de instructies en 

de hoeveelheid aandacht voor de inname van MVS en de mate waarin rekening werd 

gehouden met hun persoonlijke voorkeuren tijdens medische consulten. 

 

Het laatste deel van dit proefschrift (deel C) was toegewijd aan zwangerschap na 

bariatrische chirurgie, gezien deze periode een extra risico kan vormen voor de 

voedingstoestand. In hoofdstuk 8 werden zwangerschaps- en geboorte uitkomsten op 

basis van het interval tussen de operatie en conceptie en gewichtstoename tijdens de 

zwangerschap geëvalueerd in een groep van zwangere vrouwen met een bariatrische 

ingreep in de voorgeschiedenis. Hieruit bleek dat 24% van de zwangerschappen binnen 

12 maanden na de bariatrische ingreep plaatsvond. De zwangerschapsduur, 

gewichtstoename tijdens de zwangerschap en het geboortegewicht waren lager in deze 

groep dan bij zwangerschappen die meer dan 12 maanden na de operatie plaatsvonden. 

Over het algemeen was de gewichtstoename tijdens de zwangerschap voldoende bij 

slechts 29% van de zwangerschappen. Onvoldoende gewichtstoename werd ook in 

verband gebracht met een kortere zwangerschapsduur en een lager geboortegewicht in 

vergelijking met voldoende gewichtstoename tijdens de zwangerschap. Bovendien 

kwamen (zeer) vroeggeboortes vaker voor in de groep met onvoldoende 

gewichtstoename (16% versus 6%). 

In hoofdstuk 9 werd de voedingsstatus vergeleken tussen gebruikers van 

gespecialiseerde MVS en standaard MVS (zwangerschaps- of reguliere MVS) bij 

zwangere vrouwen die een gastric bypass of gastric sleeve hadden ondergaan. Hieruit 

bleek dat gebruikers van gespecialiseerde MVS (±73% van de deelnemers) hogere 

serumwaarden van hemoglobine, ferritine en foliumzuur en lagere serumwaarden van 

vitamine B6 hadden in vergelijking met gebruikers van standaard MVS (±27% van de 

deelnemers) tijdens zwangerschap na een gastric bypass. IJzertekorten en verhoogde 
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vitamine B6-serumspiegels kwamen ook minder vaak voor in de groep van 

gespecialiseerde MVS-gebruikers. Tijdens zwangerschap na een gastric sleeve hadden 

gebruikers van gespecialiseerde supplementen (±49% van de deelnemers) hogere 

serumwaarden van vitamine D, maar lagere serumwaarden van vitamine B1 dan 

gebruikers van standaard MVS (±51% van de deelnemers). Het aantal voedingstekorten 

en verhoogde serumwaarden was vergelijkbaar tussen deze twee MVS groepen. 

 

Concluderend dragen de studies beschreven in dit proefschrift bij aan nieuwe inzichten 

in de factoren die van invloed zijn op de voedingsstatus na bariatrische chirurgie. Inzicht 

in veranderingen in de (kwaliteit van) voedingsinname kan diëtisten en andere 

zorgverleners helpen mogelijke valkuilen te begrijpen om zo de voedingszorg voor 

patiënten na bariatrische chirurgie te verbeteren. Het hoge risico op het ontwikkelen van 

voedingstekorten in combinatie met een mogelijk verminderde therapietrouw aan de 

dagelijkse inname van voedingssupplementen versterkt het belang van langdurige 

monitoring en begeleiding, waarbij rekening moet worden gehouden met mogelijke 

barrières van patiënten ten aanzien van het dagelijkse gebruik van supplementen. 

Hoewel ze geen pasklare oplossing zijn, kunnen we voorzichtig concluderen dat het 

gebruik van gespecialiseerde multivitamine supplementen de voorkeur heeft boven het 

gebruik van standaard multivitamine suppletie na bariatrische chirurgie.  

Tijdens zwangerschap na bariatrische chirurgie is specifieke aandacht nodig voor de 

optimale timing van conceptie en het bereiken van voldoende gewichtstoename tijdens 

de zwangerschap, evenals voor adequate suppletie om de voedingsstatus van deze 

hoog-risico groep te verbeteren. 

 

Over het algemeen concluderen we dat regelmatige monitoring en begeleiding op het 

gebied van voeding, gericht op adequate voedingsinname en suppletie, essentieel zijn 

voor het bereiken van een optimale voedingsstatus, wat uiteindelijk bijdraagt aan een 

verbeterde gezondheid op de lange termijn na bariatrische chirurgie. 
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