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Foreword

Micronutrient health is a fundamental component of med-
ical and nutrition therapies but has suffered from a lack of
published and usable guidelines for practitioners. With the Acad-
emy of Nutrition and Dietetics Pocket Guide to Micronutrient Management,
the editors—Kristen M. Roberts, PhD, RDN, LD, CNSC, FASPEN,
FAND; Holly Estes-Doetsch, MS, RDN, LD; and Marcia Nahikian-
Nelms, PhD, RDN, FAND—have brought the top subject-matter experts
together to provide an evidence-based review of micronutrient physi-
ology, deficiencies, and treatment in a practical handbook. This pocket
guide takes an interprofessional approach, which is critical in health
care today. This text fills a void in the published guidance for the treat-
ment of both hospitalized and outpatient populations.

I'have been practicing internationally as a registered dietitian nutri-
tionist for the past decade. In that time, I have seen firsthand the impact of
micronutrient deficiencies on the health of individuals worldwide. From
rampant iron deficiency in women and children, to neural tube defects
related to folate deficiency during pregnancy, to vitamin C deficiency
in patients with burns, to blindness caused by vitamin A deficiency in
children—micronutrient deficiencies are more common than we think.
Furthermore, they are not limited solely to developing countries, exist-
ing in developed countries as well. The registered dietitian nutritionist
has the skill set to assess, identify, and treat micronutrient deficiencies
through a combination of the nutrition focused physical exam, diet
history, and biochemical data. This book brings together the relevant
micronutrient information and enables clinicians to strengthen their
deficiency-assessment skills, create treatment plans, and enhance their
practices, resulting in positive impacts on patient outcomes.

Lauri Wright, PhD, RDN, LD/N, FAND

Associate Professor and Director of Nutrition Programes,
University of South Florida

2023-2024 Academy of Nutrition and Dietetics President

xvii
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CHAPTER 1

Introduction
and the Role of
Interprofessional
Care

Marcia Nahikian-Nelms, PhD, RDN, FAND

Introduction

Micronutrient deficiencies are often viewed as either a historical medical
issue that has been resolved with improved food supplies, enrichment,
and fortification or a problem of extreme malnutrition occurring pri-
marily in countries experiencing issues with food supply. As nutrition
research has evolved, we have expanded our understanding of the role
of micronutrients in acute and chronic disease, the impact of disease
and treatments on micronutrient status, and the potential role of micro-
nutrients in enhancing recovery from disease through complementation,
repletion, supplementation, or treatment.! To support patient health out-
comes, micronutrients must be considered as part of the assessment and
treatment plan of individual patients.

=
2
S
Q
5
]
S
2
S
=




uoranposau|

Chapter 1

Many patient populations under the care of specialized care teams
are at risk for or present with micronutrient deficiencies. These include
patients with renal disease, burns, wounds, and intestinal diseases, as
well as those undergoing bariatric surgery or in critical care. A resource
that captures this diversity of patients is needed to increase the iden-
tification and treatment of micronutrient concerns and subsequently
improve patient outcomes. Published, disease-specific clinical guide-
lines for addressing micronutrient deficiencies when developing patient
care plans are lacking, yet micronutrient deficiencies are present in a
large percentage of inpatients and outpatients. This book is meant to
serve as a reference for clinicians treating micronutrient deficiencies
(not toxicities), and it approaches micronutrient management from an
interprofessional perspective. Authors from various health disciplines
have collaborated so that each chapter adequately reflects multidisci-
plinary perspectives of care. It was essential to have a team of health
care professionals contribute to a publication of this importance, as
micronutrient assessment and treatment are best achieved through an
interprofessional approach.?3

This book generally does not cover micronutrient management in
specialized nutrition support, as these guidelines have been published
elsewhere.** Conventional units are presented throughout this pocket
guide to support the units most commonly seen by practicing clinicians.
The international system of units (or SI units) can be accessed elsewhere.’
Within this book, cut-off levels may vary based on the references cited
within the chapter and the indications for treatment. This book does
not address pediatric nutrition (other than neonates). Lastly, due to the
paucity of research on micronutrient repletion, the guidelines within
this handbook are suggested based on current practice. More research
is needed to formalize disease-specific guidelines.

Current Status of Micronutrient
Management

The European Society for Clinical Nutrition and Metabolism (ESPEN)
has clarified language for micronutrient management by defining the



Introduction and the Role of Interprofessional Care

terminology for micronutrient assessment, monitoring, and prescrip-
tion. This language is adopted in this text, and Box 1.1 on page 4 outlines
the definitions.! These new definitions may represent a shift from the
way clinicians previously spoke about micronutrient management. For
example, in the ESPEN terminology, giving a patient a dosage of a micro-
nutrient to restore its level in the body to what is physiologically normal
is called repletion, whereas previously it was referred to as supplementation.
In the new terminology, supplementation refers to giving dosages higher
than standard amounts (ie, greater than Dietary Reference Intakes or
Recommended Dietary Allowances). Of note, Chapter 14 (Metabolic and
Bariatric Surgery) does not employ the ESPEN terminology, as this area
of nutrition therapy uses practice guidelines from the American Society
for Metabolic and Bariatric Surgery, in which supplementation, assay
cut-off levels, and repletion amounts are typically different from those
for patients who have not had bariatric surgery:.

Screening and assessment for micronutrient complementation,
repletion, supplementation, or pharmacological dosing takes into
consideration what we know from the field of population health, the
requirements to support normal growth and development, the typical
contributions from dietary patterns, and increased needs during dis-
ease states. The most common micronutrients at risk for deficiency in
the United States include calcium, iron, magnesium, potassium, cho-
line, folate, and vitamins A, C, D, and E. These potential deficiencies are
highlighted in the Dietary Guidelines for Americans, 2020—-2025 and mul-
tiple studies assessing nutritional intake that stem from the National
Health and Nutrition Examination Survey (NHANES) program.” In
addition, food-insecure households in the United States are at higher risk
for inadequate dietary intakes of zinc and vitamins B6, B12, and K.” An
examination of NHANES data from 2001-2016 further identifies pedi-
atric risk to include iron, calcium, B6, choline, and potassium.® Another
examination of NHANES dietary data, from 2005-2016, focused on spe-
cific nutrients known to support immune health. This analysis found that
common inadequacies included zinc and vitamins A, C, D, and E."* The
translation of population-based assessment to individual risk does not
necessarily mean that a physiologic deficiency exists based on laboratory
and clinical indices, but it does provide a framework for the clinician to
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Chapter 1

BOX 1.1 European Society for Clinical Nutrition and Metabolism (ESPEN)

Definitions of Micronutrient Prescriptions®

Complementation

Oxford

The act of adding to something in a way that improves it or makes

definition it more attractive, complete

ESPEN The delivery of micronutrients to cover basal needs (eg, to

definition complete enteral feeds or parenteral nutrition [PN])

Comment This action is typically needed to cover basal needs in case of
progressive or insufficient enteral nutrition (EN).

Example Provision of a multivitamin for a patient receiving EN (ie, a
clinically stable patient with low body weight) when the pre-
scribed EN volume meets energy and protein requirements
but does not meet micronutrient requirements

Repletion

Oxford The act of making something full again by replacing what has

definition been used

ESPEN The delivery of micronutrients with the aim of restoring a

definition normal status when the deficit is known; sometimes called
supplementation, but this should be avoided

Comment Repletion is employed when deficiencies or losses are identi-
fied or presumed; it aims to restore a normal status.

Example Provision of additional copper to a patient receiving long-term
jejunal feeding who is identified as copper deficient, with the
intent of reversing symptoms and restoring serum levels

Supplementation

Oxford The act of adding something to something else to improve or

definition complete it
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BOX 1.1 European Society for Clinical Nutrition and Metabolism (ESPEN)

<

Definitions of Micronutrient Prescriptions® (cont.) %

S

=3

o

ESPEN The delivery of higher than standard doses (ie, superior to g
definition Dietary Reference Intake or PN recommendation); does not

include pharmaconutrition but designates doses higher than
basal requirements delivered in an attempt to correct depletion
or deficiency

Comment This termis applied without differentiation of amount when-
ever amicronutrient is prescribed.

Example Addition of vitamin D and calcium for an individual at risk for
osteoporosis

Pharmacologic dosing

Oxford Relating to the scientific study of drugs and their use in medicine

definition

ESPEN The delivery of a specific micronutrient to improve host

definition defenses or any other biologic end point associated with good
clinical evolution and to improve the outcome of patients who
are critically ill

Comment Generally, only one micronutrient is prescribed. The adminis-

trationroute is not determined. This is not a nutritional effect
but rather a pharmacologic action.

Example Therapeutic use of a high intravenous dose of vitamin C and thi-
amin in the intensive care unit as an adjunctive treatment for
sepsis

Adapted under CC BY NC ND from Berger MM, Shenkin A, Schweinlin A, et al. ESPEN
micronutrient guideline. Clin Nutr.2022;41(6):1357-1424.d0i:10.1016/j.clnu.2022.02.015.1
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realize the potential risk. During times of increased growth and need,
such as infancy, adolescence, pregnancy, or lactation, micronutrient
needs are higher. These additional requirements are accounted for in
any screening or assessment and are reflected in the standard guidelines,
Recommended Dietary Allowances, and nutrition support guidelines.'!!

Micronutrient deficiencies are logically associated with decreased
dietary intake and with inferior-quality dietary intake. However, the
recognition of malnutrition in the United States and in other countries
has risen in importance. Patients who are hospitalized or of advanced
age, those with chronic disease, and those who are experiencing acute
inflammatory conditions are at substantial risk for malnutrition and
micronutrient concerns.’?’ The role of micronutrients in public health
isalso of the highest priority when creating evidence-based care guide-
lines as a component of disease prevention and treatment.!6-18

Throughout this text, our clinicians draw from the literature to
provide expert guidance for addressing micronutrient requirements
influenced by acute disease and their subsequent treatments. Chap-
ter 2 reviews regulatory standards for micronutrient formulations and
discusses bioavailability, labeling, and third-party verification of con-
tent. Chapter 3 focuses on differences in product formulations and
routes of micronutrient delivery, the awareness of which will aid clin-
ical decision-making. Chapter 4 provides an overview of the impact of
inflammation on micronutrient status and management, and Chapter
13 addresses the impact of critical illness on micronutrient status and
the potential role of micronutrients in the treatment of critical illness. In
acute-care crises, such as sepsis or traumatic brain injury, micronutrients
are essential to support the metabolic pathways induced during inflam-
matory responses. Without replenishing stores or meeting increased
requirements, health outcomes may be negatively affected. For example,
during the COVID-19 pandemic, both vitamin C and D deficiencies were
reported in patients hospitalized with the disease.!* Chapters 5 through 8
outline the specifics of fat-soluble, water-soluble, iron, and trace mineral
deficiencies. The remaining chapters review micronutrient deficiencies
and treatment as related to various populations, including patients with
gastrointestinal disease, renal disease, bariatric surgery, wounds, burns,
and neonatal patients.
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Role of the Interprofessional Team

This text seeks to approach micronutrient management through an
interprofessional lens. The physician (medical doctor or doctor of osteo-
pathic medicine), registered dietitian nutritionist (RDN), registered nurse
or nurse practitioner, and pharmacist (doctor of pharmacy or registered
pharmacist) all bring unique knowledge, skills, and training to patient
care, as described in Box 1.2.20-23

The RDN has extensive knowledge of each of the micronutrients and
its role in normal physiology and disease pathophysiology. RDNs are
trained to assess dietary adequacy and perform biochemical and physical

BOX 1.2 American Society for Parenteral and Enteral Nutrition (ASPEN)

Standards of Professional Performance

Physician

Pharmacist

Registered
dietitian nutri-
tionist (RDN)

Registered
nurse or nurse
practitioner

20-23

The nutrition-support physician should know the patient’s
macronutrient, micronutrient, electrolyte, and fluid require-
ments, summarize and document these requirements in the
medical record, and communicate them to the patient’s pri-
mary health care team.?®

In collaboration with other health care professionals, the
nutrition-support pharmacist should participate in the rou-
tine assessment of the patient’s energy, protein, vitamin,
mineral, fluid, and electrolyte requirements according to
the patient’s age, disease states, clinical conditions, and
pharmacotherapy.?*

The RDN should evaluate nutrition screening results, con-
duct a nutrition assessment using a nutrition focused
physical exam, confer with interprofessional team mem-
bers, determine a plan of care, and provide ongoing
monitoring and adjustments to the plan of care.?®

The nursing professional should analyze data to determine
the patient’s nutritional status, as well as the energy, nutri-
ent, and fluid requirements of the patient relevant to the

impact of the clinical situation on nutrient requirements.??

<
&
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assessments using a nutrition focused physical exam to help determine
micronutrient status. The 2017 Academy of Nutrition and Dietetics scope
of practice for RDNs states that they may also “initiate, implement, and
adjust protocol- or physician-order-driven nutrition-related medication
orders and pharmacotherapy plans in accordance with established pol-
icy or protocols consistent with organizational policy and procedure.”?*
The standards of professional performance for RDNSs in nutrition sup-
port state that the individual scope of practice depends on the level of
education and training (competent, proficient, and expert) and the com-
petence level translates to the ability to make the appropriate decisions
for assessment and treatment.?® Federal regulations allow for RDNs to
write orders without having to be appointed to the medical staff.?’

The pharmacist is uniquely trained to determine the route and the
type of formulation for micronutrients. The standards of practice for
the nutrition-support pharmacist state that “in collaboration with other
healthcare professionals, the [nutrition support professional] shall partic-
ipate in the routine assessment of the patient’s energy, protein, vitamin,
mineral, fluid, and electrolyte requirements.”? The registered nurse or
nurse practitioner brings additional skills of physical assessment and
clinical interviewing to the team, collaborates with other health care
providers to assess nutritional requirements, and assists with the man-
agement of nutrition support devices, such as feeding tubes or vascular
access devices.?? The physician ultimately provides the medical gover-
nance over the patient’s plan of care, informs other team members of
the broader medical plan, and places the micronutrient treatment within
that context.?> Communication among these professionals promotes a
complete plan for assessment, treatment, and monitoring.

Accreditation and licensing standards for all professions emphasize
interprofessional collaboration. For example, pharmacy standards of
practice require that pharmacists collaborate with other health care
providers to ensure care coordination that will lead to positive patient
outcomes.? The Accreditation Council for Graduate Medical Educa-
tion expects medical residents to work within interprofessional teams
to ensure patient safety and optimal patient outcomes.?” Nursing prac-
tice standards also require collaboration with interprofessional teams to
ensure positive outcomes.?® Similarly, the standards of practice for RDNs
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encompass competencies of collaboration and team-based decision-
making, not only in training but also in entry-level practice.?® In 2021,
the National Collaborative for Improving the Clinical Learning Environ-
ment published the first guidelines to create educational and treatment
pathways for interprofessional learning.?° Micronutrient management
is an excellent model for bridging the classroom and clinical environ-
ments and, thereby, for demonstrating interprofessional practice and
competence while ultimately improving patient outcomes.
Micronutrient management is uniquely suited to interprofessional
collaboration. Evidence-based guidelines for many of the recommen-
dations needed in complex management are lacking, and thus extensive
critical thinking and clinical decision-making are required, necessitat-
ing a team-based approach. The Pocket Guide to Micronutrient Management
models this collaborative clinical decision-making within each chapter
as it guides the clinician through the existing literature and its applica-
tion for care as it relates to each micronutrient and patient population. As
each patient is unique, clinicians are encouraged to combine this infor-
mation with their own clinical judgment for the best patient outcomes.
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