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Micronutrient management following bariatric surgery: the role of
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Introduction focused on lifestyle interventions (diet and exercise)

under the guidance of nutrition professionals, such as

Obesity rates in both the developing and developed world oo . .
ty ping p dietitians. However, in recent decades obesity treatments

are increasing in prevalence. WHO has reported that . . .
g1mp P have trended towards medical and surgical options such
as pharmacotherapy interventions, bariatric surgical

procedures and more recently, endoscopic bariatric

over 10% of the world’s population (650 million people)
were classified as obese in 2016, which represents a 3-fold

increase in prevalence of obesity since 1975 (1). This has interventions. A 2014 Cochrane review of 22 randomized

serious ramifications for individual health as well as national controlled trials described and compared surgical (bariatric

health care systems, because obesity is recognized as a
major risk factor in the development of a number of chronic
conditions, including cardiovascular disease, diabetes,
musculoskeletal disorders and cancers such as colon, breast
and prostate (1).

Treatment options for obesity have traditionally been
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surgery) versus non-surgical treatment options for obesity
(diet, exercise, pharmacotherapy) found that the surgical
management was more beneficial in terms of weight
changes, quality of Life (QoL) and diabetes outcomes at
one to two years of follow up (2). However, no relative
effect size (95% confidence interval) was able to be pooled
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for these outcomes due to differences in participants, the
type of surgery or other comparators (2).

Due to the widely reported benefits of bariatric surgery,
its utilization as a treatment strategy for obesity continues
to increase. In the US total number of bariatric procedures
performed increased 40% between 2011 and 2017, with
nearly a quarter of a million procedures being performed
reported in 2017 (3). As well as increasing in incidence,
there has been a shift away from the traditionally favored
gastric bypass procedure (GBP) and adjustable gastric
banding (AGB) towards vertical sleeve gastrectomy (SG) (3).
Severely malabsorptive procedures such as biliary-pancreatic
bypass, usually accompanied by duodenal switch (BPD-DS),
remain relatively rarely performed (3). Additionally, there
is an increase trend in the need for revisional procedures,
either to mitigate complications such as the development
of de movo gastro-esophageal reflux or manage weight
recidivism in purely restrictive procedures (3).

Given the implications of anatomical and physiological
changes following bariatric surgery, nutritional counselling
and monitoring is imperative postoperatively to ensure
the long-term benefits of weight loss and improvements in
chronic disease management are not inadvertently giving
rise to the development of nutritional sequelae. While all
health care professionals treating bariatric surgery patients
should be aware of these issues, dietitians are well placed
to direct this aspect of postoperative follow up support (4).
The role of the dietitian extends throughout the continuum
of care in bariatric surgery, including the provision of pre-,
and postoperative nutritional assessment and counselling, as
well as foodservice support during the hospital admission (5).
However, the current article will focus on the role of the
dietitian within in a multidisciplinary team in longer-term
micronutrient management following bariatric surgery, and
the dietetic management of micronutrient (vitamin and
trace element) deficiency risk following bariatric surgery.

Nutritional implications of bariatric procedures

Irrespective of the procedure utilized, bariatric surgical
procedures alter the anatomy and physiology of the proximal
and/or distal part of the gastrointestinal tract with a view
to facilitate weight loss. All procedures involve a reduction
in gastric capacity by altering the size of the stomach
(restrictive effect), while the GBP and BPD-DS add a
diversion of varying lengths of the proximal small bowel
to reduce the absorption of food consumed (malabsorptive
effect) (6). Bariatric procedures with malabsorptive
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components have a greater impact on long-term nutritional
outcomes than restrictive procedures, and the long-term
nutritional risks proportionally increases with the amount
of small bowel bypassed. Table 1 describes the bariatric
procedures in terms of the anatomical and hormonal
changes they produce, as well as the micronutrients most
commonly affected by these procedures.

Potential nutritional risks may be attributed to a number
of causes. First, pre-existing micronutrient deficiencies are
not uncommon findings in bariatric surgery candidates
(11-13). The nutrients most commonly affected are
vitamins B12 and D, folate and iron, and to date this has
been attributed to poor dietary quality, with low dietary
micronutrient sources relative to caloric intake (12). As
preoperative screening does not yet form part of bariatric
surgical management guidelines (14,15), undetected
and uncorrected deficiencies at baseline may exaggerate
postoperative findings.

Second, all bariatric procedures reduce the volume of
food and fluids able to be consumed, thereby reducing
caloric (and nutritional) intake. At the most basic level, this
is facilitated by a reduced gastric capacity due to the small
gastric pouch fashioned during surgery (6,16). Reduced
appetite, believed to be mediated by changes in gastric and
intestinal hormonal communication due to changes post-
surgery, may further contribute to a reduction in the volume
of nutritional intake (6). Further unintended reduction in
intake may occur as a result of new or exacerbated upper
gastrointestinal symptoms such as reflux or vomiting, and
the subsequent development of food aversion following
bariatric surgery. Furthermore, postoperative taste and
olfactory changes have been observed which has been
shown to impact dietary intake and food choices (16,17).
The net result of these changes may lead to a nutritionally
inadequate intake, especially if food variety and nutritional
quality is limited (4). This has been demonstrated in a
cohort of patients one year after AGB surgery, where
micronutrient intake from dietary sources was shown to be
significantly below the dietary recommendations for the
general population (18). Ensuring a judicious, nutrient rich
coverage of all food groups is required to avoid nutritional
risk and diet related disease risk, and ongoing dietetic
follow up and education offers a means to optimize these
recommendations for individualized tolerance and food
preferences.

Third, the anatomical modifications fundamental to
bariatric surgery have an impact on the ability for normal
digestion to occur. In restrictive procedures, surgical
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Table 1 Bariatric procedures, their mechanism of action and associated micronutrient deficiency rates

Procedure

(procedure type) Anatomical changes (6)

Hormonal changes (7-9)

Reported deficiency rates
post-surgery (10)

Greater curvature of the stomach is
removed and a tubular stomach is
created

Sleeve gastrectomy
(SG) (restrictive)

Adjustable gastric
band (restrictive)

Gastric pouch (~30 mL) formed by
placement of a band/collar around the
upper stomach. Constriction is adjusted
by varying the volume of saline injected
into a subcutaneous port, linked to a
balloon within the collar

Gastric bypass
(GBP) (restrictive/
malabsorptive)

Small (~30 mL) gastric pouch, divided

and anastomosed to a 75-150 cm
length of jejunum (roux-limb). The flow
of nutrients bypasses the duodenum
and proximal jejunum (biliopancreatic
limb) into the common channel of
remaining small bowel

Biliopancreatic
diversion duodenal
switch (BPD-

DS) (restrictive/
malabsorptive)

with common channel varying from 50
to 125 cm

Decreasing ghrelin levels and
increasing GLP-1 and PYY levels

May increase ghrelin and PYY

Decreasing levels of ghrelin and
from the larger distal ‘remnant’ stomach possibly increasing levels of PYY,
GLP-1 and CCK (collectively
resulting in appetite suppression)

SG with ileoduodenostomy distal to the Significantly decreased ghrelin,
pylorus. Alimentary and biliopancreatic  decreased leptin, increased
limbs are created to be of similar length, adiponectin levels ref

Folate: 10-20%; vitamin B6: 0-15%;
vitamin B12: 10-20%; vitamin A:
10-20%; vitamin D: 30-70%; iron:
15-45%; copper: 10%; zinc: 7-15%

Folate: 10%; vitamin B12: 10%;
vitamin A: 10%; vitamin D: 30%; iron:
0-32%

Thiamin: 12%; folate: 15%; vitamin
B12: 30-50%; vitamin A: 10-50%;
vitamin D: 30-50%; vitamin E: 10%:;
iron: 25-50%; copper: 10%; zinc:
20-37%

Thiamin: 10-15%; folate: 15%;
vitamin B6: 10%; vitamin B12:

22%; vitamin A: 60-70%; vitamin D:
40-100%; vitamin E:10%; vitamin K:
60-70%; iron: 25%; copper: 70%;
zinc: 25%

GLP-1, Glucagon-like Peptide 1; PPY, peptide YY; CCK, cholecystokinin.

alteration to the stomach not only limits gastric capacity, but
also impacts the ability of the stomach to churn and process
chyme thoroughly (10,16). This occurs by restricting/delaying
access to the pylorus (GBP, AGB) or surgically reducing its
size (GBP, GS, BPD-DS). This has implications for protein
digestion and access to the micronutrients that need to be
released from their protein food sources to enable digestion
(i.e., iron from red meat) (16). Similarly, surgical resection or
bypass of the gastric cells that release hormones/enzymes key
to digestive processes (i.e., intrinsic factor required for B12
absorption; stomach acid to facilitate protein digestion) also
need to be considered in the postoperative follow up (16).
Dumping syndrome, an unintentional outcome of the
anatomical changes associated with bariatric surgery, may
further contribute to the development of postoperative
nutritional problems. Early dumping, which occurs
within one hour of eating, is caused by gastric emptying
of hyperosmolar content into the duodenum or small
bowel, with subsequent shifts in intravascular fluid into the
intestinal lumen (19). It is characterized by abdominal pain,
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nausea, diarrhea, fatigue, palpitations and tachycardia (19).
Late dumping, on the other hand, occurs one to three hours
after eating carbohydrates which results from the intravascular
compartment in a postprandial reactive hypoglycemia
occurring in response to hyperinsulinemia (19). Symptoms
can include sweating, tremors, poor concentration, altered
consciousness, palpitations and syncope (19). Dumping is
most commonly reported following GBP, though may occur
after other procedures (19,20). Reports following GBP
suggest prevalence ranging from zero to 70% in the first 6
to 24 months postoperatively (19) and in approximately 25%
of patients undergoing SG (20); there is some indication
that rates may vary with surgical technique utilized (19,21).
While symptoms of dumping are often reported to reduce
in severity over time (19,22), their presence may have
significant impacts on the development of food avoidance
and aversions, volume of intake tolerated and loss of nutrients
through malabsorption (22). As well as affecting nutritional
status, the presence or potential for dumping may confound
the results of the Oral Glucose Tolerance Test (OGTT) used
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for the investigation of diabetes. This is particularly important
to be aware of as the OGT'T is the standard screening test
used to diagnose gestational diabetes mellitus in pregnancy. In
addition to the unreliability demonstrated by altered glucose
kinetic profiles during the OGTT in pregnant women post
GBP (23,24), occurrence of hypoglycemia during the OGTT
(GBP 50-83%, SG 54%, AGB 12%) poses a significant risk to
maternal and fetal safety, and thus should never be used in this
population (25,26).

In malabsorptive procedures (GBP, BPD-DS), nutrient
absorption is also impacted proportionally to the limb length,
and thus the remaining alimentary limb length that reconnects
chyme with pancreatic enzymes and biliary secretions (6,10,16).
The length of the roux limb ultimately limits the duration
of action bile and digestive enzymes can have on the food
consumed, as well as the length of small bowel lumen it has
access to through which to be absorbed (16). The net result
yields an intentional malabsorption of consumed nutrients,
which includes micronutrients.

An additional consideration in the development of
micronutrient deficiencies in malabsorptive procedures may
be the presence of small bowel bacterial overgrowth (SIBO).
Though this is thought to be relatively rare, SIBO has been
associated with the development of vitamin deficiencies
such as iron, thiamine, vitamin B12 and fat-soluble vitamins
due to the bacteria competing for utilization of these
micronutrients with their host (27-29).

Further to anatomical and physiological changes,
the presence of underlying disordered eating patterns
may negatively impact on the nutrition risk experienced
following bariatric surgery. Issues observed in practice
range from emotional/comfort eating and issues associated
with body image, to behaviors meeting eating disorder
diagnostic criteria (30). Binge eating pre- and post-bariatric
surgery is common finding in this patient population. A
recent examination of bariatric surgery candidates identified
that 16% were identified as being diagnostic of binge
eating disorder and 8% as bulimia nervosa using DSM-5
criteria (31). Binge eating behavior, binge eating disorders
and loss of control eating in the years following a range
of bariatric surgical procedures (1 to 14 years; BPD-DS,
GBP) has been associated with reduced postoperative
weight loss and increased weight regain (32); however, no
investigation of other nutritional outcomes beyond impact
on weight loss as been undertaken to date. The unmasking
and early presentation of these issues are often identified
by the dietitian through the unique line of questioning
undertaken during a nutritional assessment. For this

© Annals of Translational Medicine. All rights reserved.

Osland et al. Micronutrient management post-bariatric surgery

reason, a multidisciplinary approach to holistic patient
care, including access to both dietetic and psychological
support, is important for patients to optimize their surgical
outcomes while managing the potential adverse nutritional
consequences of bariatric surgery.

Micronutrient management following bariatric
surgery

Micronutrient deficiencies are relatively common following
bariatric procedures (4), and a comprehensive review of
the micronutrient vulnerabilities in this patient population
have recently been described by Via and Mechanick (10). In
view of the long-term nutritional considerations following
primary procedure bariatric surgery, guidelines around
nutritional management, prescription and monitoring
have been developed and expanded over the last decade
(14,15,33).

Monitoring

While there is little empirical evidence to support the
timeframes, current guidelines unanimously recommend
that micronutrient monitoring occur at 1, 3 to 6 and
12 months post-operatively with varying different
micronutrients recommended to be tested depending on the
surgery type (14,15,33). Specifically, this includes:

% Routine monitoring of iron, folate, B12, vitamin D

for GBP, BPD-DS and SG (14,15,33);

% Monitoring of zinc, copper for malabsorptive
procedures (GBP and BPD-DS) or in cases of
otherwise unexplained or unresponsive clinical
phenomena for other procedure (14,15);

% 6 to 12 monthly screening of Vitamin A in all
patients in the first year (11), or following BPD and
BPD-DS, and in GBP as required (14);

% Review of serum thiamine levels in cases of otherwise
unexplained or unresponsive clinical phenomena in
all bariatric surgery (14).

Thereafter monitoring recommendations are based on
the risks posed by specific procedures and are targeted at
specific nutrients (14,15). Parrott et 4. recommend annual
screening for folate and iron in all patients, and at-risk
nutrients (vitamin B12, zinc, copper) in at-risk patients (15).

Routine supplementation

Blanket recommendations for daily multivitamin and
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multimineral supplementation (as a specified source of
iron, folate and iron), calcium, vitamin D, vitamin B12
and iron are specifically recommended for all procedures
(14,15). The Clinical Practice Guidelines 2013 update
specifies that these recommendations cover the initial
postoperative phase (3 to 6 months) for GBP, SG and AGB,
and that supplementation should be provided in chewable
forms to maximize absorption (14). The American Society
for Metabolic and Bariatric Surgery Integrated Health
Nutritional Guidelines for Surgical Weight Loss 2016
update support and expand on these recommendations,
including extending recommendations to BPD-DS
procedures (see Table 2). These recommendations are
considered to be the minimum ongoing requirement for
patients following bariatric surgery, and that particularly
in malabsorptive procedures, routine supplementation is a
lifelong requirement irrespective of adequacy of oral intake.

There are no specific or altered recommendations for
those undergoing revisional bariatric procedures, however,
this patient group will be at high nutritional risk due to
their previous bariatric surgery. Preoperative assessment
for and reversal of any existing nutritional deficiencies is
therefore important.

Correction of deficiency

When laboratory findings indicate low serum levels of
micronutrients, replacement with a view to repletion of
body stores is indicated. Parrot ez al. (15) provide detailed
recommendations around replacement protocols following
ABG, SG, GBP and BPD-DS. Treatment of suspicion
or evidence of micronutrient deficiency should also be
accompanied by a dietetic review to ensure dietary sources
are optimized, and to identify any previously undetected
causes for the deficiencies’ development.

While these recommendations and guidelines are based
on the best currently available evidence, it should be noted
that the course of postoperative micronutrient status is
poorly described in the literature. The varied measures used
and gaps in reporting on micronutrient status, replacement
practices and compliance with postoperative micronutrient
regimens have been highlighted in a recent systematic
review that focused on GBP, SG and AGB (11). Out of the
69 articles included in the systematic review, only 22
reported on vitamin and mineral supplemental dosage
intake, which is an important contributor when considering
deficiency rates given the international guideline
recommendations for blanket provision of two multivitamins
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per day (11). Similarly, a Cochrane review which reported
on adverse outcomes comparing non-surgical and surgical
treatments concluded that adverse outcomes, including
micronutrient deficiencies, were inconsistently reported on,
and were based on very low-quality evidence (2). This is
an area that requires a greater degree of attention in future
studies as it remains a significant gap in interpreting the
existing literature, and in gaining a fuller understanding
of the long-term micronutrient implications of bariatric
surgery. As well as contributing to individual patient
management, dietetic contributions will be important in
informing future research in this area of bariatric surgical
practice.

The role of the dietitian in managing
micronutrient status following bariatric surgery
in adults

Dietetic review for reassessment and dietary intervention
in the years following bariatric surgery, along with
micronutrient monitoring, supplementation and
replacement as required, form an integral part to ongoing
nutritional care to identify, prevent and treat micronutrient
deficiencies, while continuing to support and facilitate
weight loss. This is most effectively accomplished within a
multidisciplinary team environment where communication
of identified nutritional concerns can be acted on with
a multi-pronged approach, including a targeted medical
nutrition therapy intervention, supported by medical and/or
psychological input where indicated. Creating a supportive
and empathetic environment in which the patient feels
understood and supported through the therapeutic
relationship developed with their clinicians is important to
facilitate the desired post-surgical outcomes.

The Nutrition Care Process undertaken by a dietitian
follows a systematic process that involves assessment and
interpretation of all nutritionally relevant data (clinical,
nutritional, social, biochemical, behavioral), leading a
nutritional diagnosis to be acted on (34). Nutritional
interventions and prescriptions are negotiated between
the dietitian and the patient to address the etiology of
the diagnosed nutritional problem, and implementation
plans and strategies are determined with a view to
achieving mutually agreed goals (34). Finally monitoring
and evaluation continues with periodic review, ultimately
leading to reassessment and a repeating of the process to
ensure the ongoing nutritional requirements of the patient
are met (34).
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Nutrition assessment and nutritional diagnosis

The basis of the nutrition assessment or reassessment
involves taking a detailed food intake history, which
incorporates an assessment of adequacy across food groups
and micronutrient categories (34). Specifically, in the
post bariatric surgical population this should also include
assessment of:

% Global assessment of dietary patterns and food/fluid

intake;

% Targeted enquiry around intake of identified
vulnerable food groups/micronutrient sources
specific to the bariatric procedure that has been
undertaken;

% Assessment of compliance with routine micronutrient
supplementation;

% Presence of GI symptoms affecting food intake such
as reflux, vomiting, or other impediments to eating;

% Behavioral attitudes towards food such as food

aversions, food fears, or indications of disordered
body image or disordered eating patterns.

Routine laboratory values obtained through
micronutrient monitoring can be interpreted in the context
of the assessment, vulnerabilities identified and a diagnosis
of the nutritional problem made.

Nutrition interventions

Dietary interventions

Protein foods are also rich sources of important
micronutrients such as iron, calcium and B12, so the fact
that protein intake is often compromised following bariatric
surgery, with few patients meeting the recommended
minimum of 60 g protein per day (12) has significant
ramifications for micronutrient intake. Indeed, it is this
lower intake of protein-providing food groups that account
for the routine postoperative micronutrient supplementation
recommendations. One key reason for lower postoperative
protein intakes is that these foods are among most
commonly associated with postoperative food aversions—
one third of patients develop avoidance symptoms to
common meat products and a further 12% experience
similar aversions to dairy foods (17,35). A dietitian can
address this finding through provision of tailored practical
advice such as eating protein containing foods first, and
food substitutions that provide roughly comparable
protein/micronutrient provision, or alternative preparation
options that may facilitate tolerance or acceptance. Tuble 3
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summarizes nutrient sources and potential alternatives that
may assist in meeting nutritional requirements.

When these protein aversions or tolerance issues cannot be
overcome through substitution or modification, supplementation
with protein powders may be required, and have been shown
to successfully meet protein requirements (36). Micronutrient
fortified protein powders may be utilized where more
global nutritional deficits are identified, however further
supplementation may be required to compensate for intake
deficits.

Dietitians are experts in the relationship between
nutrients and food, and therefore dietary focused strategies
are a dietitian’s first line of intervention. However, due
to the anatomical and physiological changes following
bariatric surgery, dietary interventions will often be used
concurrently with supplementation of the affected nutrient.

Behavioral interventions

Dietary pattern and food related behaviors represent an
etiological factor in nutritional vulnerabilities, including
micronutrients. If this is identified to be the case, addressing
these with reorienting habits towards more beneficial
behaviors is required. These often represent significant
changes compared to pre-surgical eating habits, and often
require ongoing reinforcement by the bariatric surgical
team, particularly the dietitian.

Establishing a regular eating pattern of 6 to 8 or 10 small,
regular meals per day with a focus of food volume of around
half a cup of high nutritional value foods are required to
ensure nutrient requirements are met (4,37). This assists in
avoiding missing meals, and gravitating towards larger meals
which may precipitate reflux, vomiting and epigastric pain.
In many cases this represents a significant change to the
patient’s meal preparation and planning practices to enable
appropriate food choices to be available when and where
required. Dietitians may assist in bridging the gap between
historical habits and acquisition of the new behaviors
required post-surgery through the provision of practical
advice such as recipes, meal plans, portion management and
managing social situations in which food is prominent.

Avoidance of fluids at meal times is a key strategy to
optimize nutritional intake through prioritizing gastric
capacity for nutrients, and refocusing on hydration at other
times of the day (4,37). This strategy is also helpful for
postoperative symptom management such as regurgitation,
upper gastric pain and reflux (4). Not having fluids available
at meal times, and refocusing fluid to taking smaller
volumes from a water bottle throughout the day are
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practical changes to the meal time environment that can
assist with this aspect of nutritional management (37).

Actively slowing a meal down is also a post-surgical
food-related behavior that needs to be encouraged (37).
Chewing food well to release more nutrients and avoid
large particles that may block the narrower gastric capacity
is vital. This may be assisted further by a deliberate
attention to smaller particle sizes of foods consumed (37).
In some cases, environmental modification such as changing
to smaller cutlery options, and placing timepieces near the
meal table to time the duration of mastication and/or meal
consumption may be of assistance in changing lifelong pre-
surgical habits (37).

Finally, the concept of mindful eating—bringing a
conscious awareness to the food being consumed, including
the taste, mouth-feel, appearance, temperature, etc. is a
valuable tool for managing intake (37). Dietitians may
promote practical strategies such as avoiding food when
doing other tasks (such as watching TV or working at the
computer) as well as introduce basic techniques to promote
mindful eating. These foundational principles may be
further expanded with input from the psychologist within
the multidisciplinary team for more specific training in
these skills.

To achieve the identified long-term nutritional goals, a
dietitian may be required to take on aspects of the role of
‘life coach’ for patients following bariatric surgery, while
drawing on their expert nutrition knowledge. This may
occur where there remains a deficit between the patient’s
knowledge of what is required and their skills or confidence
to implement the required changes. Examples may include
the dietitian assisting in patients acquiring food preparation
skills, providing an avenue for accountability with changes
made, and troubleshooting situations such as eating out,
social events and holiday seasons.

Monitoring and evaluation

Variance from the anticipated outcomes in micronutrient
management following bariatric surgery will likely
require escalation to intensive pharmaceutical, medical
and/or surgical interventions to effectively manage the
underlying situation. Similarly, follow up intervals for
dietetic review are determined through monitoring and
evaluation phases (34).

These specific considerations around the Nutrition Care
Process may be further adapted and tailored to address
nutritionally significant situations in postoperative dietetic
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management of bariatric surgery, such as supporting women
with a history of bariatric surgery through preconception,
pregnancy and lactation.

Pregnancy and lactation following bariatric
surgery, and the role of the dietitian

Pregnancy and lactation are times of increased nutritional
demand. Maternal micronutrient requirements increase
by 10-50% during pregnancy to accommodate metabolic
and hemodynamic changes, rapid cell division, and fetal
development (38). Requirements substantially increase for
many micronutrients during pregnancy such as iodine,
folate, iron and zinc, and remain elevated to support
lactation (38). As many of these micronutrients are already
recognized as vulnerabilities following bariatric surgery,
women with a history of bariatric surgery are at greater
micronutrient risk during these stages of the lifecycle. In
addition to the limitations of their post-surgical anatomy,
physiology, and food behaviors, during pregnancy
nutritional deficiencies may be further exacerbated by
common pregnancy symptoms (39).

Table 4 outlines the micronutrient requirements pre-
conception, during pregnancy and lactation, as well as
guidance around supplementation during pregnancy
for women with a history of bariatric surgery. Currently
no international guidelines provide micronutrient
recommendations specifically for pregnancy and lactation
post-bariatric surgery. Suggested supplementation is based
on expert opinion and modification of professional body
guidelines for non-pregnant patients (15,38-42). This
is still a developing area owing to the relatively recent
increase in rates of bariatric surgery performed in women
of childbearing age (25). Accordingly, procedure specific
micronutrient recommendations or supplementation
advice does not exist; although as with the non-
pregnant population, deficiency risk may be higher in
more malabsorptive procedures (25). However, given
how critical this period is for fetal development and the
potential implications of deficiency, frequent micronutrient
surveillance is suggested irrespective of surgery type (40).

A 2019 systematic review of 27 studies (25) reported
micronutrient deficiencies in pregnant women post-bariatric
surgery were more prevalent for iron, vitamin B12, vitamin
D, vitamin A, zinc, and vitamin K; less frequently cited were
deficiencies in vitamin E, B1, B6, C, folate and selenium.
Adverse maternal outcomes associated with these have
been reported to include to anemia (vitamin B12, iron),
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night blindness (vitamin A), and urinary tract infections
(vitamins A and D) (25). Adverse neonatal outcomes related
to maternal micronutrient deficiencies have been reported
to include visual complications (vitamin A), intracranial
hemorrhage (vitamin K), neurological and developmental
impairment (vitamin B12), and neural tube defects
(folate) (43,44). In terms of lactation, there is little evidence
reporting clinically significant changes in breastmilk
composition in women post-bariatric surgery when
compared to controls (45-48) and deficiencies in exclusively
breastfed infants is restricted to case reports of vitamin B12
deficiency (49-51). Given that the breastfeeding infant relies
on breastmilk to supply the majority of micronutrients
(excluding vitamin B6 and vitamin K), the risk of fetal and
maternal deficiency remains a concern (40). However, there
are many methodological issues with the currently available
evidence, as many studies have poor quality study designs,
do not report on supplementation protocol or adherence,
dietary intake, micronutrient serum levels, deficiency
criteria, surgery type, time to conception, and often have no
control group (25,43,47,48,52). Investigation of the rates of
maternal deficiency during lactation after bariatric surgery
is also limited and existing papers have conflicting results
and very short follow up (47,52). Breastfeeding practices
are also poorly described in the literature, for example,
Gimenes and colleagues studied micronutrient levels of
post-natal women after bariatric surgery but did not report
on breastfeeding behaviors (52).

Given the potential impact of micronutrient deficiencies
in this population, along with evidence suggesting the
nutrition status of the mother is a critical factor in ‘fetal
programming’ and the child’s long-term chronic health
risks (39), dietetic involvement in the multidisciplinary care
of women of childbearing age following bariatric surgery is
imperative.

Dietitians should be actively involved with pre-conception
nutrition counselling of planned pregnancies and as early
as feasible in unplanned pregnancies after bariatric surgery.
Guidelines currently recommend delaying pregnancy 12 to
24 months after bariatric surgery (14,53), due to induced
catabolic state and rapid weight-loss (54). This aims to reduce
the risk of intrauterine growth restriction, whilst allowing
women to maximize weight-loss and metabolic outcomes
resulting from bariatric surgery (54). The role of the dietitian
pre-conception should include but not be limited to:
identification and correction of pre-existing micronutrient
deficiencies—especially folate; optimizing management
of postsurgical symptoms, food aversions or food related

© Annals of Translational Medicine. All rights reserved.
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behaviors; adherence to routine postoperative micronutrient
supplementation; and consideration of dietary quality with a
view to meet pregnancy nutritional requirements.

The role of a dietitian during pregnancy includes the
management of pregnancy-related symptoms which further
exacerbate the risk of micronutrient deficiencies in this
population (39). These symptoms include morning sickness/
hyperemesis (nausea, vomiting, anorexia), food aversion
related to increased olfactory sensitivity and dysgeusia,
gastro-esophageal reflux, constipation, and increasing
abdominal pressure (39). Individualized advice by a dietitian
experienced in both bariatric surgery and maternal nutrition
may assist in navigating these symptoms to prevent adverse
nutritional, pregnancy or offspring outcomes. Dietary
interventions do not vary from those outlined in 7able 3,
however, the measurement of success will be determined by
indications of a normally progressing pregnancy: maternal
and fetal growth as determined by pregnancy weight gain
(in context of gestation and pre-pregnancy BMI), fundal
height and ultrasound scans (42). If the woman is obese,
an ultrasound assessment of fetal anatomy is less accurate,
however provides a superior assessment of fetal growth
than other clinical measures, and thus additional ultrasound
scans are advised (42).

In the post-partum setting dietitians provide
individualized interventions and monitoring to both
mothers and infants, beginning with the promotion and
support of breastfeeding. Rates of exclusive breastfeeding
for the recommended 6 months are below one third in
many developed countries (55-57) with studies reporting
even lower rates amongst women following bariatric
surgery (52,58). Other key roles of dietitians in this life
stage include advocating for micronutrient monitoring,
monitoring for signs of deficiency in mother and child,
advising women on practical methods to meet their
increased requirements, return to pre-pregnancy weight,
optimizing weight and nutritional status between
pregnancies and provide adequate nutrition to their infant
(through either breast or formula feeding). As the child
grows, they may also play a role in fostering a healthy
relationship with food and role modelling of the mother.
The involvement of dietitians in research in this population
also offers advantages in ensuring reliable reporting and
interpretation of factors such as infant feeding practices,
oral intake, supplementation and nutrition status.

Micronutrient monitoring throughout preconception,
pregnancy and post-partum should be overseen by a
multidisciplinary team, including an obstetrician, bariatric
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Table 5 Suggested micronutrient monitoring and supplementation in women before, during and after pregnancy following bariatric surgery

(15,38-41)

Stage of
pregnancy

Timing of screening

Monitoring of micronutrients

Supplementation

Preconception

Six monthly

Full micronutrient screen to include:
vitamin B12; iron; folate; vitamin D;
vitamin A*; vitamin E*; vitamin K*;
thiamin; zinc; copper

Vitamin A%, D, B12, folate, K* and
iron; recommend full micronutrient

screen as above at first maternity
appointment if not done before

During Every trimester; additional
pregnancy screening required if low levels
identified
conception
Postpartum Within first 3 months post-

partum in all women, of particular
importance if breastfeeding;
additional screening required

Vitamin A%, D, B12, folate, K* and iron;
recommend full micronutrient screen
as described for pre-conception if not
done during pregnancy

Complete multivitamin (avoiding retinol
and retinyl esters) and additional
vitamin B12, calcium, iron, vitamin D
supplements as needed

Complete multivitamin (avoiding
retinol or retinyl esters) and additional
vitamin B12, calcium, iron, vitamin D
supplements as needed

Complete multivitamin (avoiding
retinol or retinyl esters) and additional
vitamin B12, calcium, iron, vitamin D
supplements as needed

if low levels identified; annual
follow-up as per standard post
bariatric monitoring

*, additional screening if BPD-DS or if steatorrhea. Table adapted from Benhalima et al. (40) and used with permission.

surgeon, midwife and dietitian (preferably with maternity
or bariatric surgery experience) (38). A full micronutrient
screening test to identify any deficiencies prior to
conception, supplementation and dietary advice should
be provided to meet recommended requirements (39).
Ongoing nutritional surveillance and micronutrient
screening for deficiencies should be done every trimester,

and continue at a similar frequency for lactating mothers
postnatally (40) (Table 5).

Conclusions

Bariatric surgery, though an effective method of facilitating
weight loss in the obese patient, requires ongoing
multidisciplinary postoperative follow up due to the
subsequent risk of nutritional deficiencies. Dietitians play an
important role in minimizing risk of harm to the patient in
the long-term in general, as well as in specific stages of the
lifecycle such conception, gestation and lactation following
bariatric surgery. The role of nutrition monitoring and
supplementation is addressed in a number of guidelines
and remains an area of ongoing research, however there
remain gaps in the literature and flaws in the methodology
underpinning the research on which the international
guidelines are based. Further micronutrient research post
bariatric surgery is required, and dietitians have important

© Annals of Translational Medicine. All rights reserved.

contributions to make in this area, as well as clinical practice.
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