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1. Introduction

The current thesis is based on a systematic review, a randomized controlled trial (RCT), and a
longitudinal study follow-up of the patients included in the RCT. The thesis has a particular

emphasis on nutritional therapy when refeeding older malnourished hospitalized patients.

The overall aim is to contribute to evidence-based research regarding safe refeeding regimes by
comparing two different enteral nutrition (EN) refeeding protocols in older hospital patients regarding
the effect on nutritional status, which is measured as hand grip strength (HGS), incidence of refeeding
syndrome (RFS), and mortality

We hypothesized that in older malnourished hospitalized patient at risk of developing RFS, a more
assertive EN refeeding protocol will improve nutritional status (HGS), reduce mortality, but

potentially aggravate RFS compared with a cautious refeeding protocol.

People are living longer, but advanced age comes with challenges, and individuals’ health
needs tend to be more chronic and complex. Aging is the major risk factor for developing
chronic diseases and life-threatening conditions, including cardiovascular disease, cancer,
neurodegenerative diseases, and general loss of function [1]. These conditions often impact a
patient’s appetite ability to eat and cause metabolic changes; some conditions also require
dietary restrictions [2]. All these factors may contribute to the fact that malnutrition is highly
prevalent among frail and sick elderly individuals in geriatric care facilities and in hospitals
(between 25% and 65%, respectively) [1]. Even though malnutrition is prevalent, it is often
overlooked in older adults. Malnutrition is known to cause a decline in functional status and
an increase in recovery time, it is also associated with a longer hospital length of stay (LOS),
higher readmission, and higher mortality rate [1, 3, 4]. In addition to affecting the individual,
it also places a greater load on the health care system, and it is a major cost burden for society
[5-8]. To reduce the burden of malnutrition, adequate nutritional treatment is an important
piece in improving both function, nutritional status, and independency for malnourished
individuals [9, 10].

When malnourished patients receive nutrition intervention, they are subjects to a potentially
fatal side effect called the RFS [11]. Even in the year 1507, the physician A. Benivieni reported
deaths in starved deserters fleeing a Roman camp when food again became available [12].
RFS was first reported on in articles in the late 1940s and early 1950s when starved prisoners
and victims who went through severe famine developed cardiac, neuralgic symptoms, and/or

peripheral edema or even death during the recommencement of feeding [13, 14].



Similar symptoms were noticed again during the 1970s and 1980s, when parenteral nutrition
became more widely used, but the large amount of carbohydrates in parenteral nutrition at the
time caused detrimental outcomes in many malnourished patients [15, 16]. The most well-
known published case report article regarding death because of overzealous feeding was
published by Weinsier in 1981 [16]; this article describes two severely malnourished female
patients who died because of high load of carbohydrates were provided rapidly and
intravenously. This caused cardiac arrest shortly after infusion. This article is often cited when

describing the danger of RFS in malnourished individuals.

Since the 1980s report of fatal RFS cases, few clinical studies have been conducted, and those that
have been have mostly focused on patients with anorexia nervosa [17] and on critically ill patients
[18]. The three recent systematic reviews [17, 19, 20] conducted on RFS all conclude the lack of
clinical studies for making recommendations regarding a definition, diagnostic criteria, and treatment
algorithm. Over the past three years, two consensus reports regarding definitions, diagnostic criteria,
and treatment algorithm have been conducted, one by an European group—Friedli et al. in 2018
[21]—and one by an American group—the American Society for Parenteral and Enteral
Nutrition (ASPEN) in 2020 [11]. These consensus reports diverge from each other in both
definition, diagnostic criteria, and treatment algorithm [11, 21]. Hence, more research is required,

especially in older malnourished hospital patients.

The present thesis is based on three papers. First, a systematic review was performed to map the
current knowledge regarding older adults and RFS (Paper I). Second, an RCT was conducted to
compare a more assertive refeeding protocol with and more cautious refeeding protocol
regarding HGS as a nutritional marker and mortality 3 months after hospital discharge and
RFS during the hospital stay (Paper I1). Finally, in the longitudinal study (Paper II1), we
investigated how different RFS diagnostic criteria would influence the incidence of RFS and mortality

rates at 3 months and 1 year after hospitalization in patients with and without RFS.
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2. Background

This chapter provides an overview of the relevant literature, paying close attention to RFS and older
adults, before further branching out into the systematic literature review (Appendix). Both in-depth
definitions and descriptions of the central themes are included to enable a more thorough
understanding of the complexity of RFS in relation to older hospital patients. The literature search
encompassed both publications before and after the start of the current thesis and the searches included
examining databases as PubMed, MEDLINE, and Cochrane.

First, older and geriatric patients will be defined and presented to provide the framework for this
clinical study. Second, the concept of malnutrition will be explored. Third, and which is the main topic
of the thesis, EN and RFS are discussed.

The terms older adults are preferred terms to use according to the United Nations Committee
on Economic Social and Cultural Rights 1995 and will be used in this thesis when discussing
older patients [22].

2.1. Older and geriatric patients

Giacomo Leopardi (1798-1837) describes old age as “the supreme evil, because it deprives us
of all pleasures, leaving us only the appetite for them, and it brings with it all sufferings.
Nevertheless, we fear death, and we desire old age” [23]. This is in contrast to today’s
description of older adults, with a life expectancy in the United States of 67.6 years, 69.9
years in Canada [7], and 82.3 years in Norway [24] compared with only 40 years in the 1800s
[25]. Older adults today have opportunities to pursue new activities and even education, and
they are able to keep contributing to their families and communities. Despite the fact that
older adults are living an active life, one cannot get away from the fact that aging also comes

with increased morbidity and mortality [7].

The present thesis concentrates mostly on older geriatric hospital patients. The European
Union of Medical Specialists (UEMS) of Geriatric Medicine describes “geriatric patients” as
patients who have a high degree of frailty and active multiple pathology requiring a holistic
approach, preferably by a multidisciplinary team rather than just organ-oriented medicine
[26]. This is part of the comprehensive geriatric assessment that is described as a

multidimensional, multidisciplinary process, that identifies medical, social, and functional
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needs, and that comes with the development of an integrated/coordinated care plan to meet
those needs [27, 28].

2.2. The aging process

The aging process is not fully understood, but the physiological changes occurring during aging are a
result of several complex biological mechanisms, all of which are interconnected and influencing each
other [29-31]. The aging process is influenced by age-related diseases, and disabilities increase
with age [32, 33]. The environment and people’s lifestyle habits play an important role in the rate of
the aging process. Healthy behaviors such as exercise, healthy food, avoidance of smoking and excess
alcohol, in addition to a clean environment, will help reduce the speed of aging [34, 35]. Thus,
functional decline becomes inevitable and accelerates along with the biological changes of aging. A
decrease in lean mass, increase in fat mass, reduced cognitive function, and a chronic low-grade

inflammation are all part of the aging process [31, 35, 36].

Inflammation can be defined as “a series of complex response events which are caused by the
host system facing a pathogen infection or various types of tissue injury” [37]. The term
inflammaging, which came into use around the year 2000, is described as a chronic, systemic, and
low-grade inflammation during the aging process [38]. Inflammaging is an important factor in the
speed of the development of certain diseases such as Alzheimer’s disease, neurological diseases,
atherosclerosis, type Il diabetes, and cancer. Innflammaging has also been associated with increased
morbidity and mortality [37]. Based on this, one may consider this low-grade inflammation the

possible culprit or accelerator of the aging processes and age-related diseases [36, 39, 40].

2.2.1 Multimorbidity

Multimorbidity is a key factor of the aging process. Older hospital patients are often admitted with
several underlying medical conditions, and this process of accumulating conditions starts decades
before manifestation [39]. Multimorbidity is defined by several authors, the most common used
definition, developed by WHO is “the coexistence of > 2 long-term conditions in the same
individual.” (page 6) [41] Another definition commonly used is published by Le Reste et al.,
and defined; “as any combination of chronic disease with at least one other disease (acute or
chronic) or biopsychosocial factor (associated or not) or somatic risk” (page 56) [41].
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Because of a better health care system, patients can live longer with their medical conditions, resulting
in prevalence rates of more than 45% when living with one long-term chronic disease or more [42].
Living with multimorbidity has its consequences and may cause poor quality of life, worse health

outcomes, and a higher cost and burden on the health care system [43].

Comorbidity and multimorbidity are often used interchangeably. However, there is no consensus on
how to define comorbidity or multimorbidity or what the distinction is between the two

constructs [44]. The term comorbidity term was first defined by Feinstein in 1970, referring to
“any additional co-existing ailment” [44, 45]. This can be interpreted as any co-occurrence of

more than two diseases that are codependent and with an identified index disease [46] [44].

Measuring the burden of medical conditions does not have a gold standard. Some indices measure
the total burden of predefined diseases or conditions by the numbers, while others weight
them based on their seriousness [44, 47]. Despite these discrepancies, measuring medical
conditions is important in both clinical and public health research and when planning for
health resources [44]. In clinical research, the number of medical conditions may affect the
evaluation of an intervention and often statistically controlled for. In public health research,
recording the medical condition will enable an estimation of the incidence and prevalence of
the number and type of conditions present in the community. This will be helpful when

deciding on the allocation of resources and future health costs [44, 46].

2.2.2 Factors related to mortality in older adults

Mortality depends on age, sex, and underlying conditions. Having more than three medical
conditions has been found to cause increased stress on the body and has been shown to have a
strong association with mortality rates, as demonstrated in a meta-analysis [48]. The risk of
death is also associated with the number of medications (polypharmacy), disability, = access
to health care service, and weight loss [48, 49]. Low muscle strength is also strongly
associated with increased mortality among adults 50 years or older [50]. This finding was
confirmed in a review that summarized that low HGS is a predictor of mortality [51]. Weight
loss is also able to predict mortality, which has been demonstrated in a recent meta-analysis in
older adults, where a 59% increase in mortality risk with weight loss was found. This is in line
with a study finding a significant increased risk of 30-day mortality with weight loss

compared with weight-stable patients [49, 52]. Furthermore, the access to nutritious food,
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health care options, and health information can all influence mortality [53]. A study with over
300,000 participants has shown people with a good social network and relationship have a
50% increased likelihood of surviving compared with people with a poorer social network
[54].

2.2.3 Wasting syndromes in geriatric patients

A syndrome can be understood as a combination of clinical signs and symptoms, often with
undefined or complex etiology and/or pathophysiology [55]. In older adults, frailty,
sarcopenia, cachexia, and malnutrition are the four most frequent syndromes. The etiology
behind these syndromes in older adults are complex and overlapping, but aging itself, lifestyle
habits, medical conditions, and access to health services are contributing factors [56, 57].
These syndromes are associated with an increased risk of poor outcomes such as mobility
limitation, falls and fractures, increased LOS, hospital readmission, morbidity, and mortality.
Importantly, these syndromes have a burden on both the individual and social levels, as well

as a large economic burden on society [56, 58].

All four syndromes come with a loss of body tissue, either body fat, muscle, or both. Table 1
demonstrates the different diagnostic criteria of each syndrome, revealing that several of the
criterion overlap between the syndromes. HGS is one of the diagnostic criteria in all four
syndromes, and unintended weight loss in the previous six months to one year is a criterion
for frailty, cachexia, and malnutrition [59-63]. All syndromes share related etiological
features that are expressed in different ways: reduced energy intake, inflammation, reduced

physical function, or reduced activity [56].

Several studies in geriatric patients have demonstrated that because of the similarity in etiology in the
four syndromes, they often present concurrently [64-66]. This has been confirmed by one study [56]
finding that 8% of older patients have all four syndromes present at once; another study indicates that
26% of patients who were malnourished also had sarcopenia and cachexia [65]. This makes it difficult
to differentiate between the syndrome, which can become a challenge when it comes to interventions
because energy requirements may be different between the syndromes [65]. A recent review confirms
the overlap of the syndromes, suggesting a standardized screening tool and including the syndromes as

part of the comprehensive geriatric assessment [66].
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However, studies have shown that it is possible to reverse frailty, sarcopenia, and malnutrition
by using adequation energy, especially protein, in addition to exercise [67, 68]. In patients
with cachexia, who usually have severe underlying illnesses, nutrition intervention may not
reverse the syndrome, but adequate protein and exercise have been proposed as being
beneficial [69-71].

Table 1. Diagnostic criteria for the four wasting syndromes

Criteria Frailty [61] Sarcopenia [58]  Cachexia Malnutrition
[56, 60, 63]. IGLIM [62]

Diagnosis based on | >3 of the 5 criteria Low HGS Weight loss and At least one
needs be fulfilled to be | When all criteria are | three or more of phenotypic criterion
considered frail met, sarcopenia is the following (weight loss, BMI, or
considered severe criteria low muscle mass) and
one etiology criterion
(food intake or
inflammation)
Weight loss <4.5 kg unintended in - >5% weight loss >5% within the past 6
previous year in the previous months or >10%
year beyond 6 months
BMI - - <20 kg/m? <20 if <70 years,
or <22 if >70 years
Low muscle -- Women: kg/m? <6.75 | Fat-free muscle ‘Reduced by validated
quantity or quality . index body composition
Skeletal muscle Male: <10.75 <15 for women measuring techniques
index? <17 male
Energy intake - - Poor appetite or Etiology criterion
low energy intake | <50% of ER >1 week,
any reduction for >2
weeks, or any chronic
Gl condition that
adversely impacts food
assimilation or
absorption
HGS (kg) Women <17-21 Women <16kg Women <17-21 -
Men <29-32 Male <27kg Male <29-32
Gait Speed m/sP Women <0.65 <0.8m/s - -
Male <0.76
Physical activity Women <270 - - -
Kcal/week
Male <383 Kcal/week
Fatigue and Yes on 1 of the 2 self- Functional --
exhaustion reported questions on Assessment of
exhaustions Chronic IlIness
Therapy Fatigue
<30 points
CRP/inflammation | - - CRP >5.0 mg/L Acute disease/injury or
or Hb or albumin or Hb <12 g/dL or | chronic disease related
Albumin <32

BMI; body mass index, CRP; C-reactive protein, ER; estimated requirements, Hb; Hemoglobin, Gl
gastrointestinal condition.
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aSkeletal muscle index: DXA scan as appendicular skeletal muscle mass (ASM) and defined as a
skeletal muscle mass index (SMI) of ASM/height? (kg/m?)

bm/s; meter per second,

°For example, fat-free mass index (FFMI, kg/m?) by dual-energy absorptiometry (DXA) or CT or MRI
or standard anthropometric measures such as mid-arm muscle or calf circumferences.

dGLIM, The Global Leadership Initiative on Malnutrition

Frailty

The term frailty was first described in the late 1990s [72]. Despite this, it was not until 2013
that a consensus regarding the definition of frailty was developed by six major international,
European, and US societies: “A medical syndrome with multiple causes and contributors that is
characterized by diminished strength, endurance, and reduced physiologic function that
increases an individual’s vulnerability for developing increased dependency and/or death”
[68]. Different methods of evaluating frailty have been used, though; for example, Fried et al.
[61] (Table 1) use specific phenotypes to summarize function and physiological variable.
Another method is the Frailty Index, which summarizes the accumulated deficit, here related
to aging, dysfunction, and disease [73]. Although the Clinical Frailty Scale uses a scale to
describe frailty, here ranging from 1 (very fit) to 9 (terminally ill), the obtained score is based
on a comprehensive assessment, including comorbidity, function, and cognition [74].

Patients with frailty have gradually lost their built-in body reserves. Events such as having the
flu, pneumonia, or other diseases are stressors that, in an individual with reduced
physiological reserves, can cause adverse outcomes and even death [75]. Treatment aspects
such as sufficient calories and protein, micronutrients, exercise, and reduction in the number
of medications has been proposed as having some effect on frailty [68]. Exercise intervention
studies have found improved functional performance, improved walking speed, a reduction in
falls, and reduced progression of frailty. Although weight loss is a part of the frailty
phenotype syndrome, providing adequate nutrition, especially protein, may help stop weight
loss, preventing further deterioration of the syndrome [68, 76, 77].

Sarcopenia

Sarcopenia is reduced muscle quality and function and increases the risk of falls and fractures,
which impacts the individual’s ability to perform the activities of daily living (ADL).
Sarcopenia also affects muscle function the respiratory and cardiac system, causing reduced

cardio-respiratory function [58].
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The European Working Group on Sarcopenia in Older People (EWGSOP) defines sarcopenia
as patients who present with a loss of muscle mass and function, either from low HGS or poor
physical performance (slow gait speed) [58]. These validated criteria from the EWGSOP are
often used to identify sarcopenia [58] (see Table 1).

Sarcopenia is identified if present with low HGS, but one more criterion is needed to confirm
the diagnosis (Table 1). If all three criteria are met, sarcopenia is considered severe [58]. The
prevalence rates of sarcopenia depend on the definition used; studies have found rates ranging
from 10% to 40% in community-dwelling older adults [78, 79].

In 2016, sarcopenia was recognized as a disease entity and was classified with a code in the
International Classification of Disease—10th Revision (M62.84) [80]. Despite the criteria from
the EWGSOP and that sarcopenia has been accepted as a disease in the ICD-10th revision,
unified international agreement on a clinical definition or diagnostic criteria are still lacking
[81]. As with frailty, sufficient protein in the diet, along with muscle strengthening exercises,

can help improve muscle strength and mobility in older adults [67].

Cachexia

Cachexia is defined as follows: “Cachexia is a complex metabolic syndrome associated with
underlying illness and characterized by loss of muscle with or without loss of fat mass” [60]. Cachexia
is a Greek word meaning “bad thing” and “in a state of being,” and it is a multifactorial syndrome
known to have detrimental outcomes [63]. Involuntary progressive weight loss in adults is a prominent
clinical feature of cachexia, along with anorexia, inflammation, and insulin resistance. Cachexia also
increases muscle protein breakdown, which is known as catabolism (Table 1) [63]. Cachexia seldom
appears abruptly but instead develops over time and is often associated in patients with chronic
diseases such as chronic obstructive pulmonary disease, congestive heart failure, cancer, kidney
disease, rheumatoid arthritis, and liver disease [60]. Few studies have reported on the prevalence of
cachexia in older adults, but one study [56] indicates that 32% of older malnourished medical
inpatients had cachexia [56]. To date, there are no proven nutrition interventions that will reverse
cachexia, but exercise and high protein diets are recommended, and certain pharmacological

intervention may help [63, 69-71].
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2.2.4 Malnutrition

Malnutrition may be the most well-known syndrome. Recently, a consensus regarding its diagnostic
criteria was developed into the GLIM criteria (Table 1) [62]. ESPEN guidelines define
malnutrition as “a state resulting from lack of intake or uptake of nutrition that leads to altered
body composition (decreased fat-free mass) and body cell mass leading to diminished
physical and mental function and impaired clinical outcome from disease” [82, 83].

Malnutrition shares similar criteria as frailty, sarcopenia, and cachexia (Table 1), but in
malnutrition, both fat-free mass and fat mass are reduced, which is either caused by reduced

energy intake, an altered metabolism, or both [56].

Malnutrition has recently become better depicted, and definitions have been published [83]. In 2017,
the ESPEN guidelines published an illustration of different types of origins of malnutrition,
distinguishing between malnutrition with or without inflammation and malnutrition without
disease. Disease-related malnutrition with inflammation could arise either because of acute or
chronic disease or cachexia. Disease-related malnutrition without inflammation, could be because of,
for example, dysphagia, stroke, dementia, or amyotrophic lateral sclerosis. The third origin could be
related to the individual’s socioeconomic status, psychological challenges, or hunger-related
malnutrition (Table 2) [84].

Anorexia of aging

Anorexia of aging is related to malnutrition [85-87]. It was first described by Morley and Silver
in 1988 as “age-related reduction in appetite and food intake, which occurs even in illness-

free adults and in the presence of adequate food supply” [86, 88].

The word anorexia is more often seen in connection with anorexia nervosa in younger people,
including in anorexia nervosa, where a self-induced restriction of food dominates, along with vigorous
exercise with the aim of losing weight. Anorexia nervosa is rarely present with underlying metabolic
disturbances and is considered malnutrition without inflammation, but it is still very complex to treat,
and should include a multidisciplinary team [89, 90]. This is in contrast to anorexia of aging, where a
deterioration of satiation and change in hunger and appetite is seen [85, 88, 91]. Older adults
experience delayed gastric emptying, resulting in foods staying longer in the upper part of the stomach
before moving to the lower part of the stomach, hence leading to longer satiety feeling [92].

Furthermore, the sensory system, such as olfactory (smell) and taste, changes with age. Both taste

sensation and perception are affected, and there is a decline in the taste thresholds for sweet, bitter,
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sour, and salty [85]. Decreased olfactory perception is found to be associated with lower BMI and
may affect dietary intake [93]. Dietary intake might also be affected by oral and dental problems,
including dysphagia, which is also found to increase with age [94]. A meta-analysis [95] indicates that
older adults of around 73 years of age experienced less hunger than younger adults of around 26 years
of age, causing a reduction of energy intake by 20%. The sum of these changes may lead to
malnutrition. The etiology and consequences of weight loss and malnutrition in older patients
has been described [85]. Table 2 gives the causes and consequences of weight loss and

malnutrition in older patients [85].

The groundbreaking study that was fundamental for the understanding of malnutrition, called
the Minnesota starvation experiment, took place in the 1940s. This study informed the
medical field of the effects, both physical and psychological, of starvation on a healthy body.
The consequences of malnutrition reported were edema, anemia, polyuria, bradycardia,

dizziness, fatigue, irritability, depression, and some issues of social isolation [96, 97].

The knowledge from this study, one that would not have been approved under today’s ethical
regulations, should be remembered when assessing older malnourished adults. Many of the
symptoms can be related to other diseases but also to malnutrition [97].
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Table 2. List of causes and consequences of weight loss in older adults

[2, 85, 98, 99]

Medical

Medications

Social
/lenvironments
Poverty

Psychological

Dementia

Consequences of
malnutrition

Loss of muscle function, mass

and strength (sarcopenia)

Other medical causes
-Cancer, parkinsonism
(neurological disorders),
-Chronic obstructive
pulmonary disease, cardiac
cachexia

shopping, or preparing
meals,
Self-managing eating

Oral and swallowing Functional impairment, | Depression Increased risk of fractures, bone
problem maintain daily activities mass loss, and increased risk of
falling
Increased metabolism Social isolation or lack | Bereavement Reduced functional status
(hyperthyroidism) of network
Difficulty with Alcoholism Impacts the immunes system

Increased risk of infection
(involves the T-cell, interleukin-
2, cytolytic cell activity)

-Acute illness, endocrine
disorders, infections

Elder abuse

Excessive burden
of life

Poor wound healing
Increased risk of pneumonia and
pressure sores

Gastrointestinal disorders,
rheumatic diseases,
alcoholism

Poor nutritional
knowledge

Fatigue, depression, irritability

Number of comorbidities

Institutional factors
-Ethnic food
preferences
-Monotony of food in
institution

Delayed convalescence

Special diets or
restricted diets

Increased hospital length of stay
More readmissions

Increased mortality

2.2.5 Diagnostic criteria, screening and assessing of malnutrition

To diagnose and treat malnutrition, early identification of the risk factors such as weight loss,

low BMI, and reduced food intake is crucial; this is referred to as nutritional screening [100].

Screening is widely used in medicine as a strategy to look at the risk markers for malnutrition.

Thus, nutritional screening is defined “as a rapid process performed to identify subjects at

nutritional risk” [83]. Screening tools often include markers such as weight loss, low BMI,

disease activity, and food intake [83].

According to guidelines all patients should be screened when admitted to the hospital or other

health care institutions; it is recommended that nutritional screening should be performed

using an appropriate validated screening tool in all patients who come in contact with the
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healthcare services [2, 83, 101]. Patients found to be at nutritional risk are those who are at
the highest risk of developing deficiencies, but they can also already be malnourished [2]. A
person identified with nutrition risk factors should be further assessed; this encompasses a
comprehensive approach using a combination of medical, nutrition, medication histories, and
social and psychological history. It also includes anthropometric measurements, laboratory
data, assessing energy, protein and fluid needs, and micronutrients needs [83, 100, 102]. This
helps establish the cause of malnutrition and develops an appropriate nutrition care plan,

confirming the malnutrition diagnosis [100].
Consensus criteria for diagnosing malnutrition

Even though the causes of malnutrition are known, a consensus regarding diagnostic criteria
for malnutrition has been lacking. The Global Leadership Initiative on Malnutrition (GLIM)
was developed in 2018 with the aim of unifying the diagnostic criteria for malnutrition around the
globe. According to these criteria, diagnosing malnutrition is a two-step process. The first step
involves screening to identify patients at risk for malnutrition, here by using any validated
malnutrition screening tool. Second, those who are classified as at risk are then evaluated to

confirm the diagnosis and grade the severity of the malnutrition [62].

A global diagnostic consensus will make it easier to compare the incidence rates of malnutrition. The
GLIM criteria are planned to be incorporated into the International Classification of Disease and
Related Health Problems 11 (ICD-11), presumably substituting the current diagnostic criteria in
ICD-10, as well as seeking to be adopted by the World Health Organization (WHO) [84].

The diagnostic criteria for malnutrition in the current thesis were ICD-10, “E44, mild or moderate
protein-caloric malnutrition” and “E43, unspecified severe protein-calorie malnutrition” [65] (Table
3).

The Norwegian diagnostic ICD-10 criteria for malnutrition take into account weight loss and
BMI cut-offs, in addition to the percent of energy intake, here according to the estimated need

when diagnosing malnutrition [101].
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Table 3. ICD-10 criteria for diagnosing malnutrition in Norway

E46:00 Unspecified protein/energy malnutrition
At nutritional risk according to NRS 2002, MUST, MNA, or SGA

E44:00 Moderate malnutrition: needs to fulfill one of the following criteria

Involuntarily weight loss >10% in the last 3-6 months or 5% last 2 months

BMI <18.5 (>70 years BMI <20)

BMI <20.5 (>65 years BMI <22) and nonvolitional weight loss >5% last 6 months
Energy intake less the 50% of estimated needs

@)
©)
@)
©)

E43:00 Severe malnutrition: needs to fulfill one of the following criteria
o Involuntarily weight loss >15% in the last 3-6 months or 5% last 1 months
o BMI <16 (>70 years BMI <18.5)
o BMI <18.5 (>70 years BMI <20) and nonvolitional weight loss of > 5% last 3
months
o Energy intake less the 25% of estimated needs

NRS 2002: Nutritional Risk Screening-2002; MUST: Malnutrition Universal Screening Tool; SGA:
Subjective Global Assessment; MNA: Mini Nutritional Assessment.

Hand grip strength as a surrogate marker for nutritional status and strength

HGS is a relevant marker of physical function but has also become a legitimate marker for
nutritional status; yet it is not validated as such. HGS is a part of all four diagnostic syndrome
criteria: sarcopenia, frailty, cachexia, and malnutrition [103] and is considered a noninvasive
and easy-to-use method [104], one that is proven to be highly reliable in measuring muscle
strength [105, 106]. It is well established that muscle strength and mass decreases—and fat
mass increases—with age [107]. This is rooted in many underlying causes such as in the
increasing immobility among older adults, reduced protein intake, and altered endocrinal
function that can affect muscle mass and strength [108, 109]. A decrease in strength may also
be because of the metabolic effect of disease, where inflammation plays a central role, as well
as in electrolyte imbalance, comorbidity load, and disease severity, which are conditions that
are often seen in many wasting syndromes [110-112]. Low HGS is related to increased risk of
complications, longer recovery after disease, predicting hospital LOS and survival, and early
onset of dependency [51, 103, 112-116]. It is also associated with higher 30-day readmission
rate and mortality, which is why HGS is part of the diagnostic marker of the wasting
syndromes [50, 51, 115, 116].
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As a marker for nutritional status, HGS is utilized because nutrition deficit and restoration
seem to influence HGS earlier than body weight and improved physical function is often the
first sign of improvement when refeeding malnourished patients [112]. Despite the
association between HGS as a predictor of nutrition status, it is still not recommended to be

used as a sole indicator of malnutrition [117].

2.2.6 Prevalence of malnutrition in older adults

In 1974, Charles Butterworth wrote an article called “The Skeleton in the Hospital Closet,”
which referred to the lack of awareness among clinicians in relation to malnutrition; this was
regarded as one of the most serious nutritional problems at the time [118]. Forty-seven years
later, malnutrition is still highly prevalent in hospitals, but there has been growing attention

given to malnutrition within the past decades.

In 2019, based on studies from European countries, a large systematic review and meta-
analysis regarding the prevalence of the risk of malnutrition was published [119]. This
systematic review shows a high prevalence of patients at risk of malnutrition but different
rates according to the setting: 53% in hospital, 52% in residential care, and 33% in
community settings [119]. The highest occurrence was found to be among older patients (>80
years) and in women in all settings [119]. A similar result is shown in an article by O Shea et
al. [120], with 45% of older patients (>70 years) being at risk of malnutrition according to the
Mini Nutritional Assessment tool (MNA) and more so in women [120]. The difference in

incidence rates is partly because of the different definitions and screening tools used [2].

As with the prevalence of risk of malnutrition, a malnutrition diagnosis also depends on the definition
used [2]. In a multicenter study in Korea, 300 patients were screened using the Subjective
Global Assessment (SGA) tool, with the results showing malnutrition diagnosis in 38% of
patients 70 years and older compared with 17% in the younger population. Overall, the
highest prevalence was seen in patients admitted for medical treatment (32%) compared with
elective surgery (7%) [121]. Similar results have been found in a hospital sample of 583
patients using the SGA tool to diagnose malnutrition, which indicates 29% of the patients are
either moderately or severely malnourished [99]. A systematic review and meta-analysis of
114,000 patients shows malnutrition diagnosis in 29.4% in rehabilitation/subacute care,

22.2% hospital, 17.5% in nursing homes, and 3.1% in community settings [6].

23



2.2.7 Treatment of malnutrition

Nutrition interventions aim to lessen the consequences of malnutrition. Multiple measures have
been used to prevent further deterioration and to reverse the state of malnutrition, for instance, the
fortification of food, nutritional supplements, nutrition counseling, or medical nutrition therapy such
as EN or 1V nutrition [2, 10, 122]. In 2018, the ESPEN guidelines on clinical nutrition and hydration
in geriatric were published [2]. These guidelines aim to provide evidence-based nutrition and
hydration recommendations for older adults regarding both the prevention and treatment of
malnutrition and hydration. The ultimate goal is to improve a person’s quality of life and maintain or
improve functional status, thereby increasing autonomy [2]. Short overall recommendations for older

persons with malnutrition regarding energy, protein, and fluid are as follows:

o Energy: 30 kcal/kg/day, but adjust according to disease state.

o Protein: 1 g/kg/day, but adjust according to disease state.

o Fluids: for women 1.6 liter a day and for men 2.0 liters a day.

» These recommendations need to be adjusted according to disease state,
nutritional status, physical activity, and tolerance.

Energy requirements vary greatly, and in those who are underweight, the needs may range from 32-38
kcal/kg/day, while in very sick old patients, needs may be between 27 and 30 kcal/kg/day. To ensure
adequate energy provision, body weight should be closely monitored. Protein requirements vary
greatly according to disease, and protein requirements of 1.2-1.5 g/kg/day in sick older have been
suggested, with even as much as 2.0 g/kg/day being suggested [2]. Fluid recommendations are not
very well founded, varying between 1.0 liter (L)/day in the Nordic countries to 3.0 L/day in other parts
of the world. Provision should be adjusted according to temperature and body size and if there is

excess loss through fever, vomiting, and diarrhea, as well as disease state [2].

Even though guidelines recommend nutrition support, the evidence of the effect of interventions (e.g.,
mortality, weight, adverse events, LOS, readmission rates) have varied in studies, and much of this is
because of the number of low-quality studies [10, 123, 124]. A successful nutrition intervention does
not only depend on the available energy, but also on if the environment surrounding the older
individual can stimulate appetite; here, eating with others has also been found to increase nutrition
intake [2]

A recent systematic review [3] explores the effect of nutrition support in hospitalized patients.
Twenty-seven trials are included, and 11 of these include geriatric patients; the results show
that nutrition support improved survival and reduce readmission rate among malnourished

hospitalized patients [3]. In a large RCT [10], “The Effect of Early Nutritional Support on

24



Frailty, Functional Outcomes, and Recovery of Malnourished Medical Inpatients Trial
(EFFORT),” the effect of an individualized nutrition support protocol is compared with
standard hospital food in 2,088 patients. The results show increased energy intake, reduced
risk of adverse outcomes, and a reduction in 30-day mortality in patients receiving the
individualized nutrition protocol. Based on these findings, the authors recommend systematic
screening, assessment, and individualized nutrition protocols in patients at risk of malnutrition
[10].

EN studies in older adults, either via a nasogastric tube or percutaneous endoscopic gastrostomy
(PEG) tube [125], are few [2]. ESPEN guidelines on nutrition and hydration in geriatrics recommends
the following regarding EN: “Older persons with reasonable prognosis shall be offered EN if oral
intake is expected to be impossible for more than three days or expected to be below half of energy
requirements for more than one week, despite interventions to ensure adequate oral intake, in order to
meet nutritional requirements and maintain or improve nutritional status” [2]. On average, the
available studies regarding the effect of EN in older patients are more than 10 years old (1990-2011),
but some studies show improvements using EN when it comes to mortality, quality of life, and
function [2].

EN in patients with dementia are often discussed, and in 2015, new ESPEN guidelines were published
on nutrition in dementia [126]. These guidelines recommend that in patients with mild to moderate
dementia, EN is only recommended for overcoming a crisis and when reducing oral food intake is the
dominating reason. However, in advanced dementia, EN is not recommended because studies do not
show improved survival or mental or physical function [126]. However, it is always important to
evaluate the benefit of EN compared with the potential harm or discomfort of treatments in older
adults [2, 126]. In relation to this issue, the ethical perspectives regarding nutrition

interventions are discussed in the next section.

2.3 Ethical reflections regarding nutrition intervention in
older multimorbid patients

Respecting the four ethical principles of autonomy, beneficence, nonmaleficence, and justice
when treating vulnerable group is of the utmost importance. Autonomy, beneficence,
nonmaleficence, and justice means that there is a respect of patients’ wishes and preferences
and that patients are involved in the decision making, not necessarily the type of treatment but

whether they would like to abstain from the treatment or fully accept the treatment
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(autonomy) [127]. It is important to ensure that treatment is in the best interest of the patients
and clinical status, that the treatment will benefit the patient, and that the benefit will
outweigh the harm (beneficence and nonmaleficence). The last ethical principle is justice,
which means that the treatment is fair to all patients and in accordance to the healthcare costs
[128, 129]. It seems easy in theory, but the decision on whether to provide artificial nutrition
or withdraw nutrition is one of the more challenging dilemmas for health professionals [130].
This decision must balance all opinions of the involving parties, and all aspects must be
considered and should follow all ethical principles [129]. Therefore, an EN intervention
should only be initiated if it realistically can increase life expectancy, improve function and
independency, and outweighs the discomfort and suffering of the nutrition support. Such
assessments should be made by a multidisciplinary team, and the patient and next of kin needs

to be well informed and understand the magnitude of the treatment [126].

An important aspect in the decision is that vulnerable populations, for example, older adults,
are at risk of being harmed, manipulated, persuaded, coerced, or deceived by stakeholders

who have their self-interests in mind [127, 131].

2.4 Refeeding syndrome

2.4.1 Pathophysiology and diagnostic criteria

RFS has been known about for decades, but there still exists little evidence-based knowledge
regarding the risk factors, incidence rate, time course of occurrence, therapeutic strategies in
preventing or treating this syndrome, or a unified definition [17, 19, 20]. Three recent
systematic reviews have been conducted: one by Friedli et al. [20] in 2017 and one by
Matthews-Rensch et al. [19] in 2020, which includes only children, and while the third

systematic review by Rizzo et al. [17] includes only patients with anorexia nervosa.

The overall findings from these studies is that RFS is defined widely, but low serum phosphate
is one of the most used clinical signs for RFS and is often considered the hallmark finding of
RFS [19]. However, this has changed in the past few years toward including all electrolytes—
phosphate, magnesium and potassium—as well as clinical symptoms such as tachycardia,
tachypnea peripheral edema, lung failure, or heart failure [11, 20, 132, 133].
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Pathophysiology

The pathophysiology behind the syndrome has been well described (Figure 1) [11, 134].
During starvation, the body’s metabolism switches from using glucose as the primary energy
source to catabolizing fat and protein as the main source of energy [97, 135]. When nutrition
is deprived and the body is in a katabolic state, the preserved energy in glycogen stores is
depleted, causing low insulin production. At the same time, vitamin, minerals, electrolytes

(intracellular), and thiamin continue to be utilized, so the stores are further depleted. When

nutrition is reintroduced, especially carbohydrates (whether enterally, parenterally, or orally), glucose becomes

the main energy source again, and anabolism sets in instantaneously. Once food is available, insulin secretion
rises in response to the increased plasma concentration of glucose [136]. Subsequently, insulin stimulates the

sodium-potassium adenosine triphosphatase pump (ATPase), and intracellular shifts occur, leading to an influx
of electrolytes (phosphate, magnesium, and potassium) from the extracellular room; this results in a low level of
electrolytes in the blood [137]. This metabolic shift that results in low levels of electrolytes may lead to
detrimental outcomes [134, 137].

Thiamin deficiency is most likely a part of the RFS because thiamin is an important cofactor in the
glucose-dependent metabolic pathway. Thiamin demands increases during the switch from
starvation to refeeding when carbohydrates become readily available again [11]. It is well
known that thiamin deficiency may cause symptoms such as neuropathy, ataxia, nystagmus,
and cause lactic acidosis; it may also lead to symptoms such as confabulation and loss of
memory. This, in turn, may result in Wernicke’s encephalopathy and/or Wernicke—Korsakoff
syndrome [138]. Thiamin deficiency affects many of the body’s organ systems: the nervous
system, gastrointestinal tract, and heart [138]. Currently, there is a need to better understand
thiamin’s role in RFS regarding prevention, the amount needed during the refeeding phase,

and what level of deficiency will cause the abovementioned symptoms [134, 138].

Notably, older (frail) patients in two recent studies [139, 140] did not demonstrate high incidence rate
of thiamine deficiency. In the study by Pourhassan et al. [140], none of the 238 older hospitalized
patients had thiamine deficiencies, while in Kurkcu et al.’s [139] study, only 5% had thiamine
deficiency among the 475 studied geriatric outpatients.
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Figure 1. Refeeding syndrome and its pathogenesis and features [141]

Hypokalaemia Starvation / Malnutrition
Hypomagnesaemia \

Hypophosphataemia wgl .
Thiamine deficiency otein :m
Salt and water J

retention - oedema \

Protein. fat, mineral, electrolyte
S and vitamin depletion — salt and
Refeeding water intolerance

syndrome 1

T Glucose uptake
=+ T Utilization of thiamine
T Uptake of K*, Mg?* & PO,*

Refeeding (switch to anabolism)

Fluid. salt. nutrients
(CHO major energy source)

i

Reprinted with permission from Springer Nature. License nr. 5177590323097

Diagnostic criteria

After the NICE guidelines were published in 2006, two new diagnostic consensus criteria for RFS
emerged: a European-based consensus by Friedli et al. [21] and an American-based consensus by
ASPEN [11], which are shown in Table 4. The diagnostic criteria from Friedli et al. [21] are divided
into two stages: imminent and manifest RFS. If electrolyte disturbances occur within 72 hours after
recommencing food, it is considered an imminent RFS, and if clinical symptoms are present in

combination with imminent RFS, it should be considered manifest [142].



Table 4. Diagnostic criteria for refeeding syndrome criteria.

Friedli et al. criterion

Imminent and manifest [21]

ASPEN criterion [11]

Time of Within 72 hours after recommencement of Within 5 days after recommencement of
occurrence nutrition therapy nutrition therapy

after

initiation of

nutrition

Defining Imminent: A decrease in baseline values of | A decrease in baseline values of phosphate
RFS after serum phosphate >30% or <0.6 mmol/L or magnesium and/or potassium of:

initiating any two other electrolytes below normal

feeding range: Level of deficiency:

Serum phosphate <0.80 mmol/L
Serum magnesium <0.75 mmol/L
Serum potassium < 3.5 mmol/L

Manifest:

RFS is considered manifest if it is imminent,
in conjunction with clinical symptoms like
tachycardia, tachypnea, peripheral edema,

lung, or heart failure

10-20% (mild RFS),

20-30% (moderate RFS),

or >30% and/or organ dysfunction
resulting from a decrease in any of these
and/or because of thiamin deficiency
(severe *RFS).

*RFS; Refeeding syndrome

Management of RFS in older adults is the focus in the current thesis. To prevent RFS in frail older

patients, early detection and a multidisciplinary team are suggested. In an article by Aurbry et al. [142]

(2018) explore prevention, diagnosis, and management of RFS in older adults, recommending the use

of the same diagnostic criteria of RFS as in Friedli et al. [21].

2.4.2 Risk of refeeding syndrome

Older adults are at risk of developing RFS, this may because of several reasons, as follows: an

increased number of chronic comorbidity diseases in older age (dementia, COPD, heart

failure and kidney disease, and diabetes, among others) and being at a high risk of disease-

related malnutrition [143]. However, because the clinical manifestation of RFS is similar to

other symptoms in older adults, RFS might not be easily identified [142]. Several other

patient groups are also at risk, such as those with uncontrolled diabetes, cancer, malabsorption

syndromes, excessive use of alcohol, surgical patients, elderly, and patients who are fasting or

have undergone bariatric surgery [132, 144].
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It is challenging to accurately identify patients who will develop RFS. Two screening tools
have been assessed for their ability to identify patients at risk: the NICE guideline screening
tool (Table 5) [145] and the Short Nutritional Assessment Questionnaire (SNAQ) [146]. The
NICE screening tool can assess patients on 1V nutrition and EN but has shown poor
sensitivity of 50% (actual RFS cases) in those on IV nutrition and moderate specificity (76%)
(did not develop RFS) [147]. For those on EN, the sensitivity is 38%, and the specificity is
73% [148]. Whereas the NICE screening tool uses sensitivity and specificity, the SNAQ
screening tool [146] evaluates the predicted values of RFS, finding poor positive predictive
values of 13%, (percent tested positive who actually develop the disease) and a negative
predicted value of 95% (percent of patients not at risk according to the SNAQ screening who
did not develop RFS). In a retrospective validation analyses, both the NICE and SNAQ screening
tool score poorly on sensitivity and specificity [11]. Two studies have found that older age and
patients who score >3 on the Nutritional Risk Screening tool (NRS-2002) in conjunction with
comorbidities, especially malignancy, cardiovascular disease, and diabetes, are risk factors for
developing RFS [146, 149].

Table 5. Screening tool developed by the National Institute for Health and Care
Excellence (NICE) [150] guidelines for detecting patients at risk of refeeding syndrome.

High risk of RFS
Patient has one or more of the following:
o *BMI <16 kg/m?
o Unintentional weight loss >15% within the last 3-6 months
o Little or no nutritional intake for more than 10 days
o Low levels of phosphate, potassium or magnesium prior to
feeding

Moderate risk of RFS
Patient has two or more of the following:
o *BMI <18.5 kg/m?
o Unintentional weight loss >10% within the last 3-6 months
o Little or no nutritional intake for more than 5 days
o A history of alcohol abuse or drugs, including insulin,
chemotherapy, antacids, or diuretics

4BMI: Body mass index
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2.4.3 Phosphate, magnesium, potassium, sodium, and physiology in
relation to refeeding syndrome

The compartmental shifts of electrolytes that occur during refeeding is what causes RFS. Electrolytes
such as potassium and sodium are measured routinely, but magnesium and phosphate are not included

in routine laboratory tests, so they are often overlooked [151, 152].

Phosphate occurs mainly at the intracellular level, and it plays an important role in cellular
metabolism, helping to regulate the release of oxygen from the hemoglobin to tissues. It is also
important in the energy transport and maintenance of the acid-base balance. Furthermore, it is also a
component of all tissues, playing an important role in skeletal and muscle contraction [153]. The
supply of phosphate depends on, among others, the availability of phosphate in the diet, vitamin D,
magnesium intake, and alcohol, is reduced if using glucocorticoids and antacids, and is excreted if
using diuretics [153]. Hypophosphatemia (HP) is mainly caused because of the shift of phosphate
from the extracellular room into the intracellular room when stimulated by insulin, as in RFS. This
shift also occurs during hyperventilation and respiratory alkalosis. The latter is often seen in patients
with sepsis, liver disease, and mechanically ventilated patients [153]. Other causes of HP may be
burns, diabetic ketoacidosis, alcoholism, and chronic obstructive pulmonary disease and the use of
several drugs; these aspects must be considered when looking at phosphate levels. Deficiency may
affect all large organs: the muscular and skeletal system, the nervous system, cardiac function, and the
respiratory and renal system, and among others, it may cause anemia, weakness, rhabdomyolysis, bone

pain, confusion, tremors [11, 16, 154].

Magnesium plays an important role as a cofactor in over 300 enzymes and in the movement of sodium
and potassium across the membrane. Magnesium is also an essential component of the DNA structure
and in ATP stabilization, which provides cellular energy in addition to maintaining neuromuscular

functions [21]. It is mostly stored in the bones, muscle, and soft tissue, with a small amount also being

found in red blood cells [155].

There are several reasons behind the low values of magnesium, including insufficient dietary intake,
overconsumption of alcohol, diabetic ketoacidosis, pancreatitis, and RFS. The mechanism behind a
low level of magnesium in RFS is not fully understood, but it is suspected that this relates to the
movement of magnesium from the extracellular to the intracellular room during the refeeding of
carbohydrates; this is also the case in hungry bone syndrome, diabetic ketoacidosis, and pancreatitis
[11, 155]. Other reasons for low levels of magnesium might be some medication types, hypercalcemia,
and loss through the gastrointestinal tract [155]. Clinical manifestations of low levels of magnesium

are often hard to recognize but might be muscle weakness, tremors, seizures, and paresthesia, in
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addition to cardiovascular and metabolic abnormalities (hypokalemia and hypocalcemia)
[155].

Both sodium and potassium may have a detrimental effect when they are dysregulated. Both
electrolytes are readily available in normal diets and as a part of the sodium/potassium pump. Sodium
is a regulator for cell volume and is mostly an extracellular entity, while potassium is mostly found in
the intracellular room (this is distorted during RFS). Hypo- or hypernatremia can causes fatal side
effects and they present with similar clinical manifestations, such as seizures, brain injury, brain
swelling, behavioral abnormality, movement disorders (hyponatremia) or headache, delirium, cramps,

coma, and brain shrinking (hypernatremia) [156].

Hypokalemia is seen frequently and occurs when potassium is redistributed from the extracellular
space into the intracellular room (RFS), when dietary intake is low, or when potassium is lost through
the kidney or gastrointestinal track [157]. Potassium and magnesium intertwine with each other, and
hypokalemia will not correct itself until magnesium levels are normal. This is because potassium
depends on magnesium’s role in the sodium/potassium pump which can be seen in how
hypomagnesemia may inhibit the pump and exacerbating the hypokalemia [155, 157]. Clinical

manifestations of hypokalemia are cardiac arrhythmias fatigue and muscle twitching [158].

2.4.4 Occurrence of refeeding syndrome

A clear and concise definition of RFS is lacking, and each study defines RFS differently. In a
systematic review, 16 of the 24 included studies used low serum phosphate as their primary or
secondary outcome measure, and six of these studies used phosphate as their only clinical sign
for RFS, while the others used a combination of clinical signs and electrolyte deficiency [19].
In recent consensus, both electrolyte imbalance in addition to clinical symptoms are more widely
incorporated in the definition of RFS [11, 20, 132]. Based on the wide variety of definitions, it is
challenging to estimate RFS rates.

An occurrence of around 14% seems to be common in patients at risk, even when using different
definitions. In an RCT study in 2020 [159], RFS was confirmed in 14.6%, with the diagnostic criteria
of either more than one major criterion or two minor criteria. The major criterion here is
phosphate <0.32 mmol/l, magnesium <0.5 mmol/Il, potassium <2.5 mmol/l or two minor criteria
of phosphate <0.81mmol/l, magnesium <0.74 mmol/l, or potassium <3.6 mmol/l and
peripheral edema [159]. Further, in a study by Zeki et al, 33% of the patients at risk in the EN
group developed RFS, while 13% in the IV nutrition group did. In this study, RFS is defined
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as a drop in serum phosphate to <0.6 mmol/L [148]. Another study uses the same definition of
RFS (fall in serum phosphate to <0.6 mmol/L), finding an overall incidence of 8%, while 14%
of the patients screened were at risk of developing RFS [146]. In critically ill patients,
prevalence rates of RFS have ranged from 34% to 40% using serum phosphate of <0.65
mmol/L, while 4-10% has been found RFS using phosphate < 0.32 mmol/L[152]. One can
carefully conclude that the incidence rates are highly dependent upon the definition set for
RFS in each study. The systematic review by Friedli et al. [20] is the most comprehensive one done
on RFS in adults. This systematic review includes all articles published until 2015, here finding an
average day of nadir on day three [20]. Studies published after 2015 have found the following
day of nadir: mean (SD) day 5 (1.8) in internal medicine patients [146] within the first 2 days of
EN in surgical intensive care [160], within the first 3 days after recommencing nutritional
therapy in malnourished adults [159], mean (SD) day 4.6 (1.9) in anorexia nervosa in the

rapid calorie protocol group, and mean (SD) day 5.8 (2.5) in a lower calorie group [161].

2.4.5 Nutrition protocols and treatments

In 2006, the NICE guidelines on RFS were developed. These guidelines recommend a cautious
refeeding rate of 5 or 10 kcal/kg/day according to a BMI of <14 kg/m? or > 14 kg/m?,
respectively, reaching the estimated needs between days 4 and 7 [145]. Further, the guidelines
provide clinical criteria for patients at “moderate” and “high risk” for RFS, aiming at early
identification and prevention (Table 5). Earlier guidelines indicate to wait with feeding until
electrolyte levels have been corrected, but these guidelines recommended to start refeeding
immediately to avoid a further decline of nutrition status [137]. The supporting literature
underpinning the evidence that results in the NICE guidelines recommendation is weak and
mostly based on cohort studies, case series, and consensus expert opinions [134, 137]. As a
note, the group developing the NICE guidelines is multidisciplinary, including patient
stakeholder [137].

Today’s recommendations, for both initial calories and feeding advancement vary greatly
[11]. A recent overview over previous refeeding recommendations from 1990 to 2018
demonstrates a variation of initial calories between 5 and 20 kcal/kg/day. In studies before the
NICE guidelines were developed, the recommendations vary mostly between 10 and 20

kcal/kg/day, but after 2006, a trend toward a lower range, 5 kcal/kg/day (at high risk) and 10—
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15 kcal/kg/day, became more common. Many of the guidelines are vague, suggesting a

gradual increase to meet energy needs within 7-10 days.

Friedli et al.’s [21] group divide the risk of RFS into low, high, and very high risk,
recommending an initial calorie level of 15-25 kcal/kg/day in the low risk, 10-15 kcal/kg/day
in the high risk, and 5-10 kcal/kg/day in the very high risk. Further, they recommended
advancement of feeding to meet the estimated goal rate at day 4 in the low risk group and

days 7-9 and day 10 in the high and very high risk of RFS, respectively.

Although ASPEN consensus is much in line with previously published guidelines with initial
calories between 10 and 20 kcal/kg/day the first 24 hours, their recommendation regarding
titration rate is more assertive than earlier guidelines and compared with Friedli et al.’s

consensus [21, 134, 142, 145], with an increase of 33% of energy goals every 1 to 2 days [11].

Table 6, provides a comparison and an overview of the recommendations between the two

consensus recommendations [11, 21].

Table 6. Overview and a comparison of general recommendations in each consensus.

Friedli et al [21] ASPEN [11]
Thiamin before feeding Yes Yes (100mg) 5-7 days
Multivitamin daily Yes Yes
Fluid restriction Yes No
Sodium restriction Yes (for 7 days) No
Daily weight Yes (symptoms of fluid Yes (monitory input and
overload) output)
Daily monitoring of 3 days Every 12 hours for 3 days
electrolyte
Prophylactic provision of electrolytes Yes No
(with normal prefeeding values)
Vital signs Yes (signs and symptoms | Yes (every 4 hours, the first
of fluid overload, 72 24 hours)
hours)

There is little knowledge when it comes to recommendations for different disease groups or
ages, and for years, a low-calorie approach has been recommended for refeeding patients with
anorexia nervosa (AN) [162]. This approach has led to poor weight gain and prolonged hospital stay
[163, 164], but in recent years, there has been an increasing recognition that the low-calorie approach

might further aggravate malnutrition and that a higher initial calorie feeding could be safe and improve
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outcomes in this group of patients [161]. Although patients with anorexia seem to benefit from a
more assertive load and rapid advancement [163], this seems to the contrary for critical ill
patients [165-168] A recent literature review and guidelines in 2020 [18] and another
study[165] conclude that providing a more cautious refeeding approach seems to lead to better

outcomes in critically ill patients.

2.4.6 Consequences of RFS

Low serum levels of electrolytes can cause detrimental consequences, but RFS may manifest as both
mild and with fatal symptoms; thus, it is a preventable condition [16]. Most of these symptoms are
related to electrolyte abnormalities. These disturbances, which affect the cardiac and lung organs, the
gastrointestinal system, and the immune system, have mostly been demonstrated in articles
presenting case series and case reports [11, 141, 144, 169, 170]. Mortality and RFS has been
reported on for centuries, [171] being confirmed by a recent large RCT study called the EFFORT
trial [159]; this study finds that patients with RFS (low electrolytes in conjunction with symptoms) had

an increased rate of mortality of 29.8% compared with 17.5% within 180 days.
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3. Aims

The overall aim of the current research project was to develop evidence-based knowledge
regarding RFS among older malnourished hospitalized patients. A systematic review was
essential for obtaining the current evidence available regarding RFS in older adults. Previous
systematic reviews in the field were have been based on different populations and could not
be generalized to our older multimorbid patient group [20, 162, 163, 169]. Further, we aimed
to explore if providing a more assertive initial refeeding protocol would improve nutrition
status as measured by HGS but if it would potentially aggravate RFS. We also explored the

mortality in relation to the different diagnostic criteria of RFS.

3.1 Paper |

The aim of the systematic review was to explore the knowledge of RFS in patients aged 65
years and older. The following outcomes were a special focus: (1) incidence of HP in relation
to refeeding, (2) refeeding rates (kcal/kg/day), (3) number of days until the lowest level of
phosphate occurred (day of nadir), and (4) associations between refeeding rates, adverse

events, and death.

3.2 Paper I

The primary aim of this study was to assess the effect of a refeeding protocol that initially
provided 20 kcal/kg/day on muscle strength at 3 months follow-up as an indicator, comparing
it with the current, cautious NICE protocol (5-10 kcal/kg/day) in a population of
malnourished older hospital patients. The secondary outcomes were the occurrence of RFS
during hospital stay and 3 months mortality. We hypothesized that the more assertive
refeeding protocol would improve muscle strength and reduce mortality but potentially
aggravate RFS.
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3.3 Paper Il

The aim of our study was to investigate the incidence rates of RFS using three different
diagnostic criteria in older hospitalized patients and to study the mortality rates in patients

with or without RFS according to these criteria.

We hypothesized that using different definitions of RFS will cause a wide range of incidence
in RFS, and patients with RFS will have a higher mortality rate 3 months and 1 year measured

by all three criteria.
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4. Methods

4.1 Design

The purpose of this chapter is to outline the choice of methodology and the methods used. The
first paper (Paper I) was a systematic review and was conducted to identify the evidence
regarding RFS in older patients [172]. The main study was designed as a pragmatic
randomized clinical trial (RCT) (Paper I1) [173], while the last study (Paper I1) was a
longitudinal study using the data from the RCT. The rationale for the selected designs and
description of the designs and sample population are further presented in this chapter. Further,
a description of the participants, recruitment procedures, data collection, randomization and
blinding, and ethical consideration are presented. The statistical analysis and rationale for the

research project are also described in this chapter.

4.2 The systematic review (Paper I)

A systematic review was important to obtain an overview of the research of RFS in older
adults. Former systematic reviews [17, 19, 20, 162, 169, 172] in this field have been based on
patients with anorexia nervosa, cases and case series and a mixed population (both young and
older patients); hence, these studies could not be generalized to our older multimorbid

population.

The methodology of the systematic review was conducted and reported in accordance with the
Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) [174]. A
protocol was registered in the PROSPERO data base a priori [175] (registration number CRD
42019119282). The methodology of the systematic review will be described in more depth in
the next section. A systematic review was important to obtain the evidence available

regarding RFS in older adults.
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4.2.1 Data sources and search strategy

Eligible studies were checked by an experienced health science librarian with expertise in
systematic literature searches. The medical subject headings (MeSH) for appropriate terms in
addition to the chosen keywords was used during the search strategy. We included all types
of quantitative studies, prospective and retrospective studies, pre—post studies, case control
studies, RCT and quasi-RCTs, and case series/case reports. The search was restricted to
publications in English, Norwegian, Swedish, and Danish because of the limited resources for

translation.

The following databases were searched: the Cochrane Central Library, Ovid, MEDLINE,
Embase, CINAHL, SveMed+, BMJ Best Practice, National Guidelines Clearinghouse, NICE
guidelines, Nursing References, and Center Plus. In addition, searches were conducted in the
International Clinical Trials Registry Platform, ClinicalTrials.gov, and PROSPERO for

ongoing or recently completed trials and systematic reviews.

4.2.2 Article Screening and selection

The comprehensive search conducted by the librarian was compiled in an EndNote file that
was structured and shared with an assistant performing the first sorting, where duplicates and
irrelevant titles were discarded. Two reviewers (Siri Nesse and Sissel Urke Olsen (SUO))
independently reviewed all the titles and abstracts from the EndNote file. Because automated
databases may be incomplete, we hand-screened the reference lists of all the reviews A total
of three rounds was performed to ensure all eligible articles were included; the coreviewers
evaluated all full-text articles (SUO, Asta Bye, Karin Hesseberg (KH)). The population,
intervention, comparison, and outcome (P1CO) method for assessing eligibility—in
accordance with the PRISMA guidelines—was used and published in Paper | [172]. The
inclusion criteria were patients enrolled and admitted to a health care setting who were 65
years or older, information on the nutrition and phosphate levels needed to be included in the
articles, and the incidence rates, adverse events, and death. In the case of uncertainty or
disagreement, the coreviewers discussed the findings until an agreement has been reached.

Ultimately, 15 papers were included in the systematic review.
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The PhD candidate extracted the following data from the articles: authors, country, year,
study design, population, including sample size and disease, the inclusion criteria, details of

the interventions, outcomes, and the results of the study.

4.2.3 Quality assessment of the included trials

Because of the wide heterogeneity among the studies, it was not possible to perform a

quantitative meta-analysis, so a narrative description was performed.

To assess the quality of the observational studies, we used the Critical Appraisal Skills
Program (CASP) checklists [176], and these were assessed independently by SUO and KH.
The CASP checklists apply three headlines to check for the quality of the research:

1. s the study valid? Evaluates the methodology of the study.

2. What are the results? Based on statistical analysis and methods, are the results
clinically important?

3. Are the results useful? Its generalizability—meaning; can the results be transferred to

situations or people other than those originally studied?

The case series/case reports were assessed using the case report checklist from Garg et al.
[177]. To date, there are no existing tools to assess the risk of bias (methodological quality) of
case reports or case series. This checklist focuses on nine topics: 1) Is this novel, which asks if
it is a novel occurrence, investigation, or treatment of a patient? 2) Did the article obtain
patient consent to publish the patient case? 3) Was the case using ethical practice as per the
standards of care? 4) Did the title describe the core message of the case? 5) Did the abstract
contain a core message? 6) Were key words/MeSH included in the article? 7) Did the case
contain a thorough description of the case? 8) Did the case discuss potential clinical
implications and limitations related to the case study? 9) Did the case study contain a core key

message in the conclusion? [177]
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4.3 The randomized controlled trial (Paper Il)

To investigate the effect of two different EN protocols on nutritional status 3 months after nutritional
treatment of malnutrition, an RCT was conducted. Using an RCT design is seen as the gold
standard for research because the design lends itself to robustness and prevents selection bias,
which, in turn, ensures proper randomization [178]. A sufficient sample size is needed to
ensure that all factors that might influence the study are equally distributed between the
groups, hence enabling the researcher to reveal the causal interpretation of the treatment
outcomes[147].

4.3.1 Design

The RCT was based on a semi-double-blinded parallel group RCT with a pragmatic design. The
intervention lasted for 7 days in a hospital with two assessment points in addition to baseline,
at day 4, at day 7, and a follow-up point at 3 months (Figure 2). The CONsolidated Standard
of Reporting Trials—CONSORT 2010—was followed as a reporting protocol in our study
[179].

4.3.2 Sample recruitment and eligibility criteria

The participants were recruited from both surgical and medical wards at Diakonhjemmet
Hospital. This hospital serves approximately 135,000 inhabitants and is a local general acute

care hospital in the capital of Norway: Oslo.

Inclusion and exclusion criteria

To be included in the RCT study, patients needed to be 65 years or older, admitted to the Department
of Medicine or Surgery at Diakonhjemmet Hospital, and screened to be at risk for RFS, here by
using the NICE screening tool criteria (Table 5 )[145].

We excluded patients with end-stage dementia (according to ICD 10 code F00-03), those
already on EN or intravenous nutrition (IV nutrition), not wanting to stay in the hospital for at

least 7 days, admitted directly to the intensive care unit, previously participated in the study,
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or terminally ill or a short life expectancy, as evaluated by the medical doctor. Further,
patients with severe kidney disease with glomerular filtration rate <30 or congestive heart
failure NYHA class 111 or IV needed to be cleared by a medical doctor to participate.

4.3.3 Procedure

The data collection project started in April 2017 and lasted until August 2019.

The recruitment process was carried out by the PhD candidate, and patients were either
referred to by clinical dietitians or medical doctors; in addition, the PhD candidate obtained a
patient list and checked patients for eligibility, when possible. The PhD candidate also
participated in rounds and multidisciplinary team meetings to increase the recruitment of
patients. Potential eligible patients were screened according to the NICE guideline tool for
risk of RFS (Table 5), which includes height and weight and questions regarding weight,
weight loss, and energy intake. Information regarding weight loss was confirmed by earlier
registered weight in the electronic medical record (EMR), from the next of kin, or from the

care home the patients were residing at, if available.

Eligible patients were approved by medical doctors before they were asked to participate to ensure
there were no medical contraindications for participating. Patients who fit the inclusion criteria were
asked to join the study in a way that did not make them feel obligated to participate. It they agreed, the
PhD candidate obtained written consent from the patients or through a proxy. A trained nurse

inserted a feeding tube, and a radiograph confirmed correct placement.
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Figure 2. Flow of inclusion, treatment allocation, and follow-up
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Cognitive Screening Tool (4AT)

4.3.4 Randomization and blinding

A computer-generated block randomization schema designed by a statistician at the Faculty of Health
Science at Oslo Metropolitan University was used to allocate the patients. Randomization blocks
ranged from four to ten. The randomization list was not accessible to the main investigator,
nor was the block size. An external assistant provided the treatment allocation by phone. The
PhD student developed the EN refeeding protocol and copied it into the medical chart after

obtaining signed consent.

4.3.5 Intervention and control group

Patients in the intervention group (the Diakonhjemmet Hospital group (DH group)) and control group

(the NICE guidelines group (NICE group)) received EN through a nasogastric feeding tube.

A standardized refeeding protocol that was based on patient weight was developed for both groups.
The energy requirement was estimated to 30 kcal/kg/day and protein requirements 1.2-1.59
/kg/day, as recommended for older adults with acute and chronic diseases. For patients with
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renal failure (GFR <30), a lower target of protein (0.8 g/kg/day) was used. Fluid requirement

was set at 30 ml/kg/day as standard, unless medical therapy required otherwise [2].

The DH group received a more assertive EN refeeding protocol, with an initial calorie level of 20
kcal/kg/day that was titrated up to estimated needs within 3 days, continuing to EN refeeding for a

minimum of 7 days.

The NICE group received a more cautious EN refeeding protocol with initial 5 kcal/kg/day if BMI
<14 m? or 10 kcal/kg/day with BMI >14 m?and were titrated up to meet the estimated calories needs

within 7 days. Table 7 demonstrates a case of the refeeding protocol.

The DH group and NICE group had the same protocols regarding electrolyte replacement protocol, EN
formula (adjusted if needed, according to disease state), oral nutrition registration, supplementations of

vitamin and mineral, thiamine, and laboratory blood work.

o Electrolytes were monitored daily, and the PhD student ensured that laboratory tests
were ordered. Diakonhjemmet Hospital electrolyte replacements protocol was used
[158]. Electrolytes were supplemented when phosphate levels were < 0.65 mmol/,
magnesium levels < 0.65 mmol/L, and potassium levels < 3.6 mmol/L [145].
(Appendices in Article 111, the full Electrolyte replacement protocol is published).

o EN formula Nutrison Protein Pluss (produced by NUTRICIA Norge AS) contains
1250 kcal, 63 g (20%) protein, 49 g (35%) fat, 142 g (45%) carbohydrates and 84%
water per 1000 ml. This formula is appropriate for older malnourished patients and is a
standard formula in the hospital.

o Regarding oral nutrition intake, because of ethical reasons, it was not possible to deny
patients oral intake during EN. Food intake was recorded by the nurses in the
electronic medical journal and retrospectively analyzed by the PhD candidate. A
premade standardized calorie and protein fact sheet of the food used in our hospital
was used, in addition to obtaining recipes from the kitchen and using the food analyzer
tool called “Matvaretabellen” [180].

o Thiamine: 100 mg intramuscular for a maximum of 10 days or until discharged.

o Multivitamin and mineral: 1 tablet a day during the stay, which contains all vitamins
and minerals.

o B-complex: 3 tablets a day, which contain all B vitamins, (thiamin 1.4 mg, riboflavin
1.7 mg, vitamin B6 1.6 mg, vitamin B12 2 pg, folate, 400 pg, niacin 19 mg,
pantothenic acid 5 mg, and biotin 30 pg), during the stay.
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Table 7. Demonstration of a refeeding protocol for a patient; women 40 kg and BMI 16 kg/m?
with an estimated energy need of 1200 kcal/day
NICE group DH group
10 kcal/kg/day 20 kcal/kg/day
Day Titration rates Day Titration rates
Days 1-7 Days 1-7
Day 1 320 ml/16 mi/t Day 1 640 ml/32 ml/t
428 ml/21 mi/t 800 ml/40 mi/t
Full 535 ml/27 ml/t Full 960 ml/48 ml/t
needs 644 ml/33 ml/t needs on 960 ml/48 ml/t
on day 752 ml/38 ml/t day 3 960 ml/48 ml/t
7 860 ml/43 ml/t 960 ml/48 ml/t
960 ml/48 ml/t 960 ml/48 ml/t
IV fluids should be limited, if possible, to 30 ml/kg/day, and nonglucose-containing IV fluids
should be used for rehydration
Thiamine 100mg x 1/day for maximum 10 days, 1 vitamin and mineral, and 3 B-complex a day

BMI: Body mass index; IV: intravenous; DH: Diakonhjemmet Hospital; NICE: National Institute for
Health and Clinical Excellence

4.3.6 Compliance

Patients’ ability to follow the refeeding protocol (compliance) can be defined as “the extent to
which a person’s behavior—taking medication, following a diet, and/or executing lifestyle
changes—corresponds with agreed recommendations from a healthcare provider,” as defined
by the WHO [181]. The word compliance often carries a negative connotation in a healthcare
setting [182]. However, the compliance of EN refeeding protocols are simply the ability to
follow the set refeeding protocol. However, noncompliance with the refeeding protocol was
not merely up to the patients but could have been because of concurrent events like medical
testing, the EN formula not being available, accidental dislocation of the tube, or being too
busy to insert new feeding tube. In addition, adverse events such as worsening of the disease,
nausea, vomiting, constipation, or bloating and early discharge affected the compliance with
the refeeding protocol. EN was recorded to estimate the energy received during the 7-day

intervention period.

Table 8 demonstrates the potential adverse events and undesirable consequences of EN that

may contribute to a lack of compliance.
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Adverse events that often occur during EN were registered because these may have

implications for patients’ nutritional status. All six variables were retrospectively registered

after the initiation of EN, and information was obtained from the patient’s EMR.

Table 8. Registration of undesirable events during enteral nutrition during the study [183-185]

Variables registered as
undesirable events

Description and definition

Undesirable consequences

during enteral nutrition
1. Dislocation of tube

Accidently removing feeding tube

If tube is not identified as being
mitigated, formula might be given in
esophagus, increasing the risk of
aspiration pneumonia

2. Diarrhea [186]

Diarrhea is defined as reduced
stool consistency with an
increased water content and at
least 3 evacuations a day

EN might cause diarrhea

-Needs for stopping the feeding,
reducing energy provision

-Causing soar and multiple changes of
bedding

3. | Constipation [187]

Evacuation /Defecation less than
3 times a week

Constipation might cause nausea,
vomiting, pain, and discomfort
Causing reduction in energy provision

4. | Vomiting/aspiration

Vomiting might cause aspiration
pneumonia

5. Nausea

During EN

Nausea might cause stop in EN,
reducing energy provided

6. Lung and breathing
[respiratory distress

The presence of dyspnea, oxygen
saturation fall, or pulmonary
crepitations after the initiation of
refeeding and indicated
respiratory distress.

Side effect of refeeding/RFS

7. Intensive care unit (ICU)

Transferred to ICU after initiation
of refeeding protocol

Adverse effect of refeeding/RFS

EN: enteral nutrition; ICU: intensive care unit; RFS: refeeding syndrome.

4.3.7 Assessments

This section provides a detailed description of all the outcome measures used in Papers Il and

[11. To quantify and describe the results in the RCT and the longitudinal study, we selected

outcome measures based on both theoretical and practical reasons. The primary outcome in

the RCT was nutritional status, here as measured by HGS, and the secondary outcomes were

RFS and mortality. The outcomes in the longitudinal study were (Table 9) the incidence of
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refeeding syndrome based on three different diagnostic RFS criteria and mortality in patients

with and without RFS at 3 months and 1 year.

The CONSORT group recommends to ensure that both the validity and reliability of outcome
measures and that essential quality property in all test tools and instruments are of a high
quality, as well as ensuring that the instrument and measures have high sensitivity and
responsiveness to change [179]. Validity is defined as the degree to which an instrument
measured what was intended or rather measures what it is supposed to measure [147, 188];
this concept encompasses both internal and external validity. A high internal validity shows
that there is a causal link between two variables and that alternative explanations of the results
are unlikely. Whereas external validity relates to the results’ ability to be generalizable to a
broader setting [147]. Reliability or the internal consistency relates to the tests’ stability and

consistence and examines if the results are replicable in different settings [147].

Two other factors that are important when choosing a test instrument is the sensitivity of the
instrument and the responsiveness. Sensitivity is the ability to accurately identify the true
cases (true positive), that is, having no false positives [147, 188], and responsiveness is the
ability to detect changes over time, when a change has occurred, and if it is clinically
meaningful (minimal clinically important difference [189, 190]). Specificity is the ability to
accurately identify patients who do not develop the case, that is, find the negative predicted

value (true negatives) [147].

Baseline testing was conducted by the PhD candidate prior to the randomization by using the
NICE screening tool (this tool contains many of the same questions used in various screening
tools for malnutrition): BMI, weight loss and oral intake (NRS 2002 and MUST) to detect
patients at risk of RFS (Table 5).

Assessors were clinical dietitians working at the hospital and blinded to allocation, and we
strived to use the same clinical dietitian to follow the patient throughout the study. In the
current study, 85 were tested at baseline, 79 at day 4, 68 at day 7, and at 32 at the 3-month

follow-up. Written procedures were developed to standardize the measurements.
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Hand grip strength

Hand grips strength was measured using a JAMAR PLUS® Hand dynamometer (Patterson
Medical, USA). It was adjusted to the appropriate grip width [191] and read to the nearest 100
grams. We tested both arms while the patients were seated with their shoulders adducted, their
elbow flexed 90°, and their forearms in a neutral position [192]. If the patients were not able
to sit in an upright position, testing in bed was done. When tested in bed, the head of the bed
was raised as far up as possible into a sitting position. The shoulders were abducted, their
elbows were moved to 90°, and their wrists were placed in a neutral position not touching the
bed. The tester could help by holding the dynamometer underneath when needed. The same
test method was used every time, with two trials on both hands and minimum of rest between
trials. The highest recorded HGS score for each hand was recorded. Measurements of HGS

have good test-retest reliability[193].

Furthermore, several studies have looked at using HGS as a surrogate indicator for nutritional
status to validate it as a nutritional marker. Clinical studies proving HGS as a valid indicator
are still lacking, but studies have demonstrated indirect associations with HGS and nutritional
status [104, 112, 115, 117, 194-196]. A recent study in 2020 [104] shows higher sensitivity
predicting malnutrition using HGS compared with using arm circumference, BMI, and calf
circumference. Because of lack of validated nutritional status biomarkers [197], we decided to

use HGS when investigating the effect of nutritional intervention (Paper II).

Mortality

Mortality is assessed from the day of inclusion in the study and at 3 months and 1 year.
Mortality was obtained either from EMR or from the National Population Register [198]. The

cause of death was not obtainable for patients after being discharged from the hospital.

Serum blood values and assessment for RFS

To provide information regarding patients’ medical status, all patients had a blood analysis set called
“geriatric status” taken upon admission, which includes the following: erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), white blood cells (WBC), differential leukocyte count, hemoglobin
(Hb), mean corpuscular volume (MCV), mean corpuscular hemoglobin concentration (MCHC),

thrombocyte, vitamin B12, folic acid, sodium, potassium, calcium, magnesium, phosphate, blood urea
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nitrogen (BUN), creatinine, glomerus filtration rate (GFR), creatinin clearance, alanin amino
transferase (ALT), gamma glutamyl transpeptidase (GGT), alkaline phosphatase, albumin, glucose,

thyroid-stimulating hormone (TSH), and thyroxine T4 free, 25-OH-vitamin D3.

The following values were measured daily during the intervention period: phosphate,

magnesium, potassium, sodium, CRP, and glucose.

Laboratory tests were ordered either by the PhD student or a medical doctor. The tests were
followed up on by the PhD student in addition to the medical doctor to ensure low values
were corrected and were in line with the electrolyte replacement protocol [158]

The incidence of RFS was defined in Paper Il as phosphate levels <0.65 mmol/L at any time
during the 7-day hospital stay [158] (Diakonhjemmet Hospital Laboratory applies
International System Units (S1 units) [151]).

In Paper 111, RFS was defined based on three different diagnostic criteria. The first criterion
was the same as in Paper |1, with phosphate levels <0.65 mmol/L at any time during the 7-day
hospital stay [173]. The second criterion was based on the ASPEN consensus report [11] for
RFS: “a decrease in any 1,2,3 of serum phosphorus, potassium, and/or magnesium levels by
10%-20% (mild RFS), 20-30% (moderate RFS), or >30% and/or organ dysfunction resulting
from a decrease in any of these and/or because of thiamin deficiency (severe RFS)” “And
occurring within 5 days of reinitiating or substantially increasing energy provision” (page
189). The third criterion for RFS was based on a consensus paper written by Friedli et al. [21]
that defines a decrease of phosphate from baseline >30% or <0.6 mmol/L or any two other
electrolyte shifts below normal range: phosphate <0.80 mmol/L, magnesium <0.70-0.75
mmol/L or potassium <3.5 mmol/L occurring within 72 hours after initiating nutrition therapy
[21] (see Table 4).

Height and weight and body mass index

Height was measured on day 1 either by standing or using a laser gauge for patients not able
to stand. For patients who could not stand, they were asked to lay stretched out on the bed, a
tray was placed at the top of the head, and at the end of the foot, then the laser beam measured

the length from tray to tray.
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When measuring patients’ weight, they wore light clothing; we used either an electronic chair
scale (SECA Germany) or a standing electronic scale (Soehnle scale). Based on height and
weight, BMI was calculated (weight in kilogram divided by the square of the height in
meters) [199].

4.4 Paper lll, longitudinal study

A longitudinal study can describe the OR and risk and relative risk while finding an
association—nbut not a causal relationship—between variables. Here, the reasoning behind
merging the two treatment groups was to increase the power of the results. The longitudinal
design used data from the RCT (Paper 1) [173]. The sample recruitment and eligible criteria
and protocols are described in sections 4.3.2, 4.3.3, 4.3.4, 4.3.5 and 4.3.6.

The control and intervention groups were merged into one sample because there was no
significant difference between the groups regarding baseline values, the primary or secondary
outcomes, HGS, RFS, and mortality. As a note, there was a difference of energy provision
between the groups at day 1 and day 2, and the DH group experienced significantly more
respiratory distress than the NICE group. The three different diagnostic criteria are defined in
Table 4.

4.5 Data analyses
4.5.1 Sample size and power calculations

The sample size estimation was calculated based on the primary endpoint HGS. A clinically
important difference was defined as a mean difference in change in HGS of 1 kg from
baseline to the 3-month follow-up between the two treatment groups. With an estimated SD of
1.8 kg, a tentative sample size of 104 patients had to be included to achieve 80% power at an
alpha of 0.05. To account for dropouts, we increased the sample size by 20%, giving a total of
126 patients, with 63 patients in each group.

We anticipated to include 1.5 patients a week (63 patients in a year). This estimation was based on a

point prevalence survey at Diakonhjemmet Hospital regarding malnutrition that was conducted in
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2016. Out of the 72 screened patients who were 65 years or older, 12 (16.7%) had BMI <18.5, and if

10% agreed to participate with an accessibility of 4,000 new admissions a year, we anticipated

reaching a sufficient number of patients in around 2 years.

4.5.2 Statistical analysis

Statistical analyses were performed with IBM SPSS v27. The level of significance was set at

p<0.05 for all coefficients, and all tests were two sided. Skewness was examined by

comparing mean and median values, and the normality of the distributions was looked at

using the histograms and Q-Q plots. Descriptive data are presented as the means and standard

deviation (SD), and categorical data are given as proportions and percentages.

Table 9. Outcome measures and statistical analysis used in Papers Il and 111

Variables Paper Il \ Paper Il

Sociodemographic variables

Age and Sex X X

NICE screening tool X X

Outcome measurements

Hand grip strength X

Refeeding syndrome X X

Incidence of s-phosphate X X

Incidence of s-magnesium X

Incidence of s-potassium X

Mortality at 3mand 1 yr X 3 months x 3 months and
1 year

Statistical analysis

Independent sample t-test X X

Chi-sguare test X X

Kaplan-Meier analysis X

4.5.3 Statistical analysis Paper |

The systematic review was a narrative descriptive paper of RFS among older adults <65

years. Excel 2018 was used to create the figure in Paper | [172].
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4.5.4 Statistical analysis Paper Il

Data were analyzed using the intention-to-treat (ITT) principles on the between-group
differences in change from baseline to follow-up on day 4, day 7. and 3 months using an
independent samples t-test. The study included all patients in the analysis, regardless of
incomplete intervention such as death or any other deviation from the protocol [200]. A
common saying in ITT is “once randomized, always analyzed” [201]. This rule helps preserve
the integrity of the randomization process and represents the real world, with missing, drop

outs, or a lack of adherence to treatments [202].

To assess the difference in HGS and weight from baseline to day 4, day 7, and 3 months
between the groups, a linear mixed models for repeated measurements with a subject-specific
random intercept was used. The interaction between time and group were modeled as fixed
effects. This model is considered a robust method for handling missing data in the ITT
analysis; because of its ability to statistically adjust for missing data, there was no reason for
the imputation of missing data [203]. The ITT principle will be discussed further in the

discussion section.

4.5.5 Statistical analysis Paper Il

In the longitudinal study, numbers and percentages were used to report electrolyte incidence
rates in the different RFS criteria. An independent t-test and person’s chi-squared test were
used to compare the difference between patients with and without RFS in each criterion. The
Kaplan-Meier (KM) test can analyze time to event and is the best option to measure patients
living for a certain amount of time after intervention [204]. The KM survival curve together
with a log rank test was used to investigate if patients with RFS had a higher one-year
mortality rate compared with patients without RFS. The survival estimate was recorded for
the different RFS criterion [205].
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4.6 Ethical perspectives

The research project was approved by the Regional Committee for Medical Research Ethics
in South-eastern Norway (REC) (ref. no. 2015/676). The project was conducted according to
the World Medical Associations’ Declaration of Helsinki [206], and protocols for personal

protections and information security were followed. Further ethical perspectives are discussed in

section 6.2.1.
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5. Summary of the Results

In this section the aims and methods are briefly presented, as well as a summary of the
findings in Papers I, 11, and I11. A detailed presentation of the results is presented in Papers I,
I1, and 111 in the appendix. The implications and future directions based on these results will
be discussed further in the discussion section.

5.1 Paper |

Title: Refeeding syndrome occurs among older adults, regardless of refeeding rates. A
systematic review.

The overall aim of this systematic review was to explore the current knowledge of RFS in
patients 65 years and older, with a special focus on (1) the incidence of RFS in relation to
refeeding, (2) refeeding protocols (kcal/kg/day), (3) number of days until the lowest level of

phosphate occurred (day of nadir), and (4) initial refeeding rates for adverse events and death.
Summary of findings

o Of the 936 titles examined, two cohort studies [207, 208], one case control study [209]
(observational studies), and 12 case series/case report studies [210-220] with 19
individual cases met the inclusion criteria.

o The quality of evidence, according the CASP checklist, came with a moderate to high
risk of bias, whereas the case series/case reports came with a high risk of bias.

o The incidence of hypophosphatemia <0.5 mmol/L was reported to be up to 25%.

o High mortality rates up to 48% was found after recommencing feeding.

o Day of phosphate nadir was found to be occurring between days 2 and 4, regardless of
the energy levels.

o The most commonly reported adverse events in relation to low phosphate values in the
case series/case reports were reduced muscle tonus, edema, and altered mental status.

o No meta-analysis was performed because of studies being too heterogeneous to be

pooled and because many case series/case reports were used.
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5.2. Paper |l

Title: A comparison of two different refeeding protocols and its effect on hand grip strength
and refeeding syndrome: a randomized controlled clinical trial

The overall aim of this study was to assess the effect of two different refeeding protocols on
HGS at the 3-month follow-up. The secondary outcomes were the incidence of RFS when
receiving two different EN refeeding protocol during a 7-day hospital stay and the 3-month

mortality rate.

The study included 85 patients, 41 of which were randomized into the intervention group,
which was the more assertive refeeding protocol, and 44 of which were placed in the cautious
refeeding protocol, or the control group.

Summary of findings

o For the primary outcome HGS, the repeated measurements showed no statistical
significance regarding the between-group difference at the 3-month follow-up (mean
difference 0.78 kg, 95% CI -2.52 to 3.36, p = 0.42) (Table 4 in Paper 11). A total of 32
patients were included in the analysis.

o A more assertive refeeding protocol did not aggravate RFS, which was defined as
phosphate <0.65 mmol/L, with incidence rates of 17.1% (n = 7) in the intervention
group compared with 9.3% (n = 4) in the control group (p = 0.29).

o There was a high mortality rate, but no statistical significance between the groups,
with 39% in the intervention group compared with 34.1% in the control group at 3
months (p = 0.64).

o There was a statistically significant difference between groups in favor of the
intervention group in respiratory distress 53.6% vs. 30.2% (p = 0.029). Here, 19 of the
35 (54%) patients with respiratory distress died within 3 months (22 (62.8) patients
within 1 year and significantly more in the more assertive refeeding protocol (p = 001)
unpublished data).

o Patients not included in the study were similar in age and sex as the included patients.

The reasons for not participating are published in the appendix of Paper II.
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5.2. Paper Il

Title: The incidence and mortality of refeeding syndrome in older hospital patients based on
three different diagnostic criteria

The overall aim of our study was to investigate the incidence rates of RFS using three

different diagnostic criteria in older hospitalized patients and to study mortality rates in

patients with or without RFS according to these criteria.

Summary of findings

(@]

The three different RFS diagnostic criteria showed a wide range of incidence rates,
with 13.3% (n = 11), 31.7% (n = 27), and 64.7% (n = 55) for the TC, Friedli et al[21].,
and ASPEN criteria, respectively.

The incidence rate of hypophosphatemia was 13.5% (n = 11) for the TC, 7.3% (n = 6)
for Friedli et al., and 45.9% (n = 39) for the ASPEN criteria [11].

Day of nadir was on mean (SD) day 3 (1.8) for serum phosphate, for serum
magnesium on mean (SD) day 2.7 (1.6), and for serum-potassium on mean (SD) day
2.6 (1.7).

The initial mean (SD) energy intake (oral and EN) was 19 (11.0) kcal/kg/day, and the
average energy intake during the 7-day intervention period was mean (SD) 23.7 (10.9)

kcal/kg/day. The mean (SD) average 7-day protein intake was 1.2 (0.5) g/kg/day.

The Kaplan-Mainer analysis showed no statistical difference in mortality in patients
with and without RFS in the different criteria: TC, p = 0.38, Friedli et al., p = 0.75,
ASPEN, and p = 0.83.
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6. Discussion

The discussion is divided into two main sections: the methodological considerations and

discussion of the main findings and the clinical implications and future perspectives.

6.1 Methodological considerations

First, ethical considerations regarding research on severely malnourished patients is
discussed, and then, the methodological considerations, including the internal and external
validity, are examined. This is followed by a discussion of the choice of intervention and
outcome measures in the three papers. Finally, the statistical methods that are employed are

elaborated on.

6.1.1 Research on severely malnourished older hospitalized patients and
ethical considerations

Respecting autonomy, beneficence, nonmaleficence, and justice when recruiting a vulnerable
group for research is crucial. This means that patients should be able to choose freely to
participate. that their participation will be beneficial for the patient, and, importantly, that the
benefit will outweigh the harm of participating. Here, justice means that the treatment is fair
to all patients [128, 206]. The current study targeted a vulnerable group of patients, most in
their 80s, severely malnourished, and with several comorbidity diseases. Vulnerable
populations, as in older adults, are at risk of being harmed, manipulated, coerced, or deceived
when being recruited for research because of diminished competence or incapacity [131].
Hence, in the present study, recruiting older multimorbid and severely malnourished patients,
with and without dementia or cognitive decline, was challenging both ethically and
methodologically. REC approved the inclusion of patients with dementia. REC emphasized
that excluding patients with cognitive decline/dementia will be discriminatory and inhibit
valuable information in a group with a high prevalence of malnutrition and that is potentially

prone to developing RFS.
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The user committee at Diakonhjemmet Hospital was informed about the research project and
its ethical considerations regarding including patients with dementia. They voiced their
concern regarding the need to balance the protection of the patients versus the need to ensure
that high-risk patients, who are under-represented in medical research, have the opportunity to
participate in clinical studies; this is also stated in the Helsinki Declaration [206]. One
concern was to ensure patients with dementia had their integrity cared for throughout the
study. It was also important to reflect critically and continually on the participative process
and if this study benefited the patients. It was also of concern that they understand the nature
of the research and their participation. Also important was the patients’ ability to consider
alternatives, including the option not to participate. The consent form went through extensive
revisions by colleagues, professional users, the hospital’s user committee, and REC.

The recruitment of patients held a fine balance between considering the patients’ best interest
and the need of recruiting patients. This was especially the case because participation in the
study required initiating of EN in patients in their 80s and 90s. The need of EN was discussed
with a medical doctor and nurses. When the PhD student asked patients to participate, the
researcher clearly stated her biases. It was also emphasized that it was possible to withdraw
from the study at any time with no consequences regarding the treatment; however, doing so
might change the length of the hospital stay (shorter). Another ethical discussion was the high
mortality rate and challenges because of the follow-up in this vulnerable group. We found an
almost 40% mortality at 3 months, and here, there was a huge challenge with the follow-up
because of worsening of illness, not wanting to, or not being able to be reached, leading to
insufficient patients for a meaningful analysis. The present study illustrates the challenges in
conducting studies on a multimorbid severely malnourished older population with a high

mortality rate.

6.1.2 Methodological considerations in the systematic review, Paper |

We aimed to systematically summarize the literature on RFS among older patients with a
focus on the incidence of RFS in relation to refeeding, refeeding rates (kcal/kg/day), number
of days until the lowest level of phosphate occurred (day of nadir), and associations between
refeeding rates, adverse events, and death. This decision was made because of the lack of
existing systematic reviews on the specific topic in older adults. We included all types of

studies, including case series and cases reports, which are considered the lowest on the
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hierarchical pyramid when it comes to quality of evidence [221]. We knew there would be
limited studies on the topic, but we anticipated more than three clinical studies. Thus, studies
claiming to investigate older adults often had large standard deviations and included patients
in their 40s and 50s. In the systematic review, it was key that all patients were 65 years or

older, which ensured that the conclusion was based on the appropriate age group.

To have a systematic review with a high level of quality, there is an assumption that
comprehensive, rigorous, and systematic methods are performed so that the results and
conclusions are reliable [222]. The strength of our systematic review was that the protocol
was registered in PROSPERO a priori and that the research question and inclusion criteria
were established before the search was conducted. Registering the study a priori can help
minimize the reporting bias and increase the transparency of the systematic review [223]. This
study was also conducted in the accordance with PRISMA, hence enabling future
reproduction or follow-ups [174]. Another strength was the comprehensive literature search,
which was performed by a trained librarian, and that the search strategy was included in the

appendix of the published paper.

The limitations of our study were the lack of studies and that the studies were too heterogenic,
which prevented us from pooling the data into a meta-analysis. Pooling case reports and case
series poses challenges because they are uncontrolled studies and increase the risk of bias;
hence, we chose not to perform this in our systematic review [224, 225]. Because of a large
number of excluded articles, a comprehensive list of excluded articles is not provided [222].

6.1.3 Methodological considerations in Paper Il and Paper Il|

Internal and external validity and bias.

The validity of the study results is critical because it indicates to what degree the conclusion is
credible, valuable, and generalizable [147]. The ultimate goal is to enhance the knowledge of
the field and to apply the findings beyond the study setting [147].

If the study answers the research questions without bias in its design, the randomization
process, blinding, sample size, outcome measures, dropouts, analysis, and interpretation, a
study is considered internally valid [226]. If the sample population represents the target
population, the study has high external validity [227]. When we designed the current study,

we carefully considered the above factors to avoid bias or systematic errors [228].
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Sampling bias.

This occurs when the study sample does not represent the study population it is intended to
study (threat to external validity [227]) or if there are systematic differences between the
selected samples and the results because of the difference between the groups rather than
differences in the intervention (internal validity) [147, 227]. This may occur for several
reasons, for example, when the recruiter enrolling is able to determine with some degree of
accuracy the next treatment allocation [229]. This threat was reduced substantially in our
study by keeping to the carefully developed randomization protocol and validated methods of
randomization [173]. All patients were randomly allocated to an intervention group or control
group after baseline testing, and the randomization of patients was based on a computer-
generated permuted block randomization system, leading to different block sizes from four to
ten [230]. The randomization list was not accessible to the recruiter, nor was the block size,

and an external assistant provided the treatment allocation by phone.

Another threat to the internal validity is selection bias. A certain degree of selection bias will
always be present in a study where the recruiter is the main investigator, even if it is
unintentional [229]. In the current study, patients were recruited through several methods: by
clinical dietitians, nurses, and MDs who contacted the PhD candidate for potential eligible
patients. The PhD candidate also recruited from preround meetings, patient lists, and asking
the nurses and MDs on the wards for eligible patients. However, some MDs, nurses, and
wards were more accommodating for recruitment, and a higher number of patients were
recruited from certain wards, leading to a certain degree of selection bias. Another possible
selection bias was to what degree the patients would benefit from EN. This decision was
made by the MDs and nurses. If they thought this treatment option would be too
uncomfortable for the patients, they denied participation, potentially unrightfully speaking on
the patients’ behalf [231]. Some patients were excluded because of active delirium and
difficulties with cooperation or because of not having a next of kin to sign the consent.
Furthermore, patients who had a confirmed place at a nursing home would lose their place if

joining the study, so they were not allowed to participate.

Diakonhjemmet Hospital serves mainly districts that include people with a high
socioeconomic background, but in recent years, areas from Oslo known to be more
disadvantaged have been added to Diakonhjemmets’ sector; this has caused a mix of patients
from both areas. However, the hospital includes only people living in urban areas in the
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biggest city in Norway, so the participants in more rural districts were missing, causing less

generalizability [227].

The exclusion and inclusion criteria will influence the external validity [227]. Thus, strict
inclusion criteria ensure high internal validity but are a threat to external validity. The
inclusion criteria in the current study were strict regarding nutrition status: patients needed to
be severely malnourished and 65 years or older. Apart from being malnourished, the inclusion
criteria were broad regarding diseases, and patients from both the surgical and medical wards
were included. Moreover, the present study is a pragmatic study and represents real clinical
practice [232]. Of the 167 patients screened, 82 patients declined, and of those, only two did
not fulfill the inclusion criteria, with no differences in age and sex in those patients not

included in the study.

The reasons for not participating are published in Paper Il in the appendix [173]. The current
study had a population with a high proportion of comorbidity, with an average age close to the
mid-80s; hence, one should be very careful when generalizing these results to groups other

than those similar to the study population [147].

Outcome measures.

HGS was the primary outcome and was used as a surrogate marker for nutritional status to
measure the effect of two different refeeding regimes [104, 117, 196]. As an instrument, HGS
has been used extensively in different populations, including older adults, [106, 112]. HGS
has been used to measure the effect of nutritional intervention in older malnourished patients
since the 1990s [104, 117, 195, 196, 233-240] but is still not fully validated as a marker for
nutritional status or as a measure of the effect on nutrition interventions. This might pose a
challenge to the reliability and internal consistency of the test. However, the aim was to
demonstrate if HGS improved after the intervention of using two different refeeding

protocols, which included more than simply the nutritional status.

Refeeding protocols.

The choice of the refeeding protocols used in the current study (in 2015/2016) was based on

conflicting studies regarding the initial kcal/kg/day and titration rate, in addition to having
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clinical experience that a higher initial kcal/kg/day and a faster titration rate than the
recommended NICE guidelines with close monitoring of electrolytes would be safe [145].
Indeed, studies in patients with anorexia have shown better outcomes when the initial

refeeding kcal/kg/day and titration rates were higher [162].

Deciding on the initial calorie level and titration rate was a difficult task. The decision behind
20 kcal/kg/day was a previous recommendation in some studies before the NICE guidelines
were developed in 2006 [134, 136, 145]. This resulted in approximately 30% more calories
and protein during the 7 days on EN in the intervention group compared with the control

group.

The PhD candidate deciding the initial calorie levels and titration rates may pose bias because
the candidate might think the intervention would be more favorable. However, this potential
bias was reduced because of the randomization procedure and because of the PhD candidate

not being involved in the testing of the patients.

Mortality.

Mortality is considered the gold standard for measuring the effect of treatment and poses few
biases [241]. However, using mortality as an outcome usually requires a large sample size
[241], but for our older multimorbid hospitalized malnourished patient group, we did expect a

certain percentage of mortality, especially because RFS might cause detrimental outcomes.

Monitoring adverse events of EN.

Diarrhea, vomiting, aspiration, constipation, edema, nausea, respiratory distress, and
admission to the ICU, in addition, to dislocation of the tube, are all common adverse events in
EN [185, 242]. The adverse events were defined before the study began, except for respiratory
distress, and there was a risk of bias of this symptom because it was done retrospectively and
by the PhD candidate. Even when being conscious of potential bias, it cannot be eliminated.
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Registration of oral dietary intake/calorie counting:

Patients receiving EN also had their oral dietary intake recorded in their EMR by the nurse
(blinded). Registration of dietary intake is often ordered by the clinical dietitian, and it is a
known procedure by the nurses. Having the nurses record patient intake instead of the patients
themselves was a more reliable method because many older adults have difficulties
remembering food intake [243]. The randomization helped even out the differences in the
accuracy of the nurses, and the nurses were blinded and not privy to the results. The PhD
candidate did all the analysis of the oral intake, including the oral nutrition supplement, here
by using a premade standardized calorie and protein containing fact sheet of the food used in
the hospital; this was done in addition to obtaining recipes from the kitchen and using the
food analyzer tool called “Matvaretabellen” [180]. The internal validity of the analysis could
be considered good because one person performed the analysis; however, it could have been

further increased by using an external person not related to the study.

Assessment points on day 4, day 7, and 3 months.

The thoughts behind the assessment points was that the more assertive refeeding protocol
would have reached estimated needs on day 3 or 4 and on day 7 for the cautious refeeding
protocol. Assessing health-related quality of life using the questionnaire EQ-5D-5L [244] and
patients cognitive function, using the questionnaire 4AT [245] (these data are not published)
on day 1, may not have shown the correct answer, due to the trauma of being admitted into
the hospital, and some acutely ill. Especially for the question on how the patient perceived
their health that day. It would also have been overwhelming for the patient with both the
insertion of a feeding tube and being given questionnaires. It was also important to measure
weight to control for fluid overload in relation to refeeding on day 4 [142]. Day 7 was the end
of the study intervention, and HGS and weight were important to measure at this point.

Blinding.

To improve the internal validity, blinding is an important measure. In the current study, both
groups received EN but at a different initial rate and titration rate. The patients, nurses, and
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MDs were all blinded to the treatment allocation. The nurses administrating the refeeding

protocol did not have knowledge of the study details or aim of the study.

The assessors who tested patients at day 4, day 7, and 3 months were also blinded to the
treatment allocation. However, the PhD student, who copied the treatment plan in the
electronic journal and ordered laboratory tests, was aware of the allocation but was not
involved in the testing of patients. Because of the blinding, the internal validity of this study is
high.

Sample size.

Both the sample size and power calculation affect the internal and external validity [147]. To
detect small differences between groups, larger sample sizes are needed. In the current PhD
study, we wanted to demonstrate 1.8 kg difference in HGS between the two groups, and the
power calculation showed that a total of 104 participants were required to reach a p level of
<0.05 and a power of 80% [147]. The power calculation is further discussed in the statistic

section.

This study (Paper 11 [173]) did not obtain the estimated sample size, and the high attrition rate
at 3 months was detrimental to the sample size, with only 38% follow-ups; this significantly

affected the internal validity.

Compliance.

Having compliance with the study protocols is an essential outcome in a pragmatic trial [246]; in this

study, several obstacles were registered as the reason not to comply with the refeeding protocols.

o Dislocation of the tube by accident

o Pause in EN for medical reasons

o Patients simply deciding to discontinue the feeding because of discomfort, not
understanding the importance of feeding, or feeling unwell

o Patients leaving the hospital against medical advice

The total provided energy is recorded and discussed in section 6.2.3.
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Confounding variables.

The confounding variables are also called the third variable; that is, they are an extraneous
factor that distorts the results. This may lead to a false association disguising the true results
affecting the internal validity [147]. In an RCT, there is no need to control for confounding
variables because this is automatically controlled for during the randomization process. The
CONSORT statement is clear, stating that as long as the randomizations have not been
compromised, one should expect that the RCT design will naturally adjust for all baseline
characteristics [230].

In the longitudinal study, we did not explore associations or try to find a causal relationship,
but rather, we looked at the percent (and number) of patients with RFS, and if there was a

difference in mortality if present with or without RFS. In addition, we used KM to look at the

time until an event occurred.

6.1.4 Statistical considerations

In Paper 11, we used the ITT principle, and patients were analyzed according to the group they

were randomized to, regardless of adherence to the intervention. Hence, all randomized
patients were analyzed, regardless of dropouts, death, nonadherence, or deviation from the
protocols [147]. Using the ITT principle reduces bias, and it is the recommended analysis to

use in RCTs, being considered the gold standard [230, 247]. In the current study, lost to

follow-up is the largest challenge, with 36.5% deaths occurring before the 3-month follow-up.

In addition, 24.7% of our patients were not included in the analyzes because they were not
able to, did not want to, or could not be followed-up with (not possible to locate, moved too
far), and they were considered as lost to follow-up. Active measures were taken to prevent
lost to follow-up; for example, the assessors visited patients at their place of living, they
called to ensure patients were at home, and they were flexible when to meet. Still, only 32
patients were assessed at 3 months. The insufficient sample size may have caused a type Il

error, failing to demonstrate a real difference when there actually was a difference [147].

The goal was to look at the difference in HGS from baseline to day 4, day 7, and 3 months.
Because of the large amount of missing numbers, we have used a fairly new statistical
model—the linear mixed model—for repeated measurements. This model is robust for

missing data and considers the entire data set. In addition, it can be adjusted for baseline
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values. This is a very flexible method for modeling continuous outcomes on data with a
dependency structure between the observations: “Mixed methods, use different types of
effects for describing relationships between study variables and the outcome of interest, and

for accounting for correlation among related observations” (page 913) [248] [37].

In Paper 111, which was the longitudinal study, we used the percentage as the primary analysis
when comparing the incidence rates of RFS, and we used a chi-square and independent t-test
when comparing the patients with RFS and patients without RFS for categorical and

continuous variables, respectively.

The KM curve was used to measure the numbers of patients alive in each criterion at 1 year.
The KM survival curve is described as “the probability of surviving in a given length of time
after treatment” (page 274) [204].

KM also displays the censored data, showing patients who survived after the study period had
ended, which was 1 year. To check for statistical difference in survival, the log rank test was
used. KM is similar to a logistic regression analysis (univariable analysis) and is not designed

for testing confounding variables [204, 249].

6.2 Discussion of the results

The overall aim of the present thesis was to contribute—and thereby substantiate—the
knowledge of different EN refeeding protocols in older malnourished hospital patients. As part of
this PhD project, we conducted the first systematic review on RFS in older patients (Paper I).
We also conducted the first RCT in a malnourished multimorbid older hospitalized patient
group using two different refeeding protocols, here by measuring the effect on HGS as a
nutritional marker (Paper I1). In addition, the present dissertation contains the first study to
investigate RFS using three different diagnostic criteria, comparing if RFS was more
prevalent than in patients with or without RFS (Paper 111).

Our review demonstrated limited research regarding knowledge of RFS, with only three
clinical studies and 12 case series/case reports. We found incidence rates between 15% and
25%, along with 4% in the case control study (phosphate <0.5 mmol/L), here with a rapid
drop in phosphate both receiving 30 kcal/kg/day and 8-10 kcal/kg/day. The most common

adverse events reported in the review article were altered mental status, reduced muscle tonus
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and edema occurring in almost all case series/reports. The day of nadir occurred between day
2 and day 4 (Paper 1). The results from Paper 111 supported the findings in the review article,
showing a wide range of incidence rates when using the newly defined diagnostic criteria for
RFS. Further, the results from the RCT (Paper Il) showed that RFS was not more prominent
in the intervention group, despite the initial refeeding rates being higher than recommended in
the NICE guidelines. A more assertive refeeding also did not demonstrate higher mortality
rates [178], but 36% of the patients in our study died within 3 months, regardless of refeeding
rates (Paper Il). In Paper I11, we found that the mortality rate at 3 months and 1 year were not
significantly different in patients with and without RFS in any of the three diagnostic RFS
criteria. Regarding the results on the main outcome in our RCT study—HGS—we found that
a more assertive refeeding protocol providing 20 kcal/kg/day did not result in improved HGS
as measured 3 months after discharge when compared with a cautious refeeding (10

kcal/kg/day) protocol.

6.2.1 Refeeding protocols and effect on outcomes, including hand grip
strength

The scarcity of clinical studies in older malnourished patients leads to a lack of evidence-
based knowledge, underpinning the challenges faced by health care systems in creating
appropriate clinical nutrition treatment protocols. This is despite the fact that this group is the
largest consumer of health service who also pose an immense cost for society [48, 250]. The
main aim in geriatric medicine is to ensure the greatest possible autonomy and a good quality
of life, and adequate nutrition is an important piece in obtaining good health in older adults

[2].

The NICE guidelines recommend the use of a cautious refeeding protocol when
recommencing feeding in patients at risk of RFS, but the guidelines are inconsistent and lack
empirical evidence for older malnourished patients, as we demonstrated in Paper | [145, 172].
Years before the present PhD project, studies started questioning the recommendation
whether all patients should receive low feed intake during the first few days. There was a
concern that these guidelines were an obstacle in providing adequate nutrition to
malnourished patients, especially among patients with anorexia nervosa [251-253]. Several

studies in this patients group confirm that there is no correlation between initial refeeding energy
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levels (kcal/kg/day) and hypophosphatemia and that more aggressive feeding may lead to a
shorter LOS [252, 254]. One shows that it is the severity of malnutrition in the patient with
anorexia nervosa that causes RFS, not the energy load during refeeding [162].

In contrast to anorexia nervosa studies, studies in critically ill patients have found that a
slower refeeding rate is a preferred approach [11, 152, 165-168]. This is demonstrated in the
RCT study by Doig et al. (2016)[165], who use a calorie restricted protocol on patients with
RFS (phosphate levels <0.65 mmol/L); they show an improved overall survival time, reduced
60-day mortality rates, and reduced incidence of major infection compared with the control
group receiving the standard hospital feeding protocol of 69 kcal/hour. A retrospective study
[168] shows a significant reduction in the 6-month mortality risk in patients with RFS
(phosphate levels <0.65 mmol/L) when receiving <50% of goal calories compared with
patients receiving >50% of goal calories. Arabi et al. [166] and Rice et al. [167] also find no
difference in electrolyte disturbances using a more cautious compared with a more assertive
refeeding protocol. However, a cautious refeeding protocol providing 40-60% of the caloric
requirements has been found to require less renal replacement therapy than providing 70—
100% of caloric requirements [166]. In addition, Rice et al. show that using a full feeding of
1300 kcal/day causes more gastrointestinal intolerance than providing a more cautious
refeeding feed of 400 kcal/kg/day [167]. Thus, and as demonstrated in a systematic review
[19], when including all types of patients, regardless of age, diagnosis, or disease state, no
difference in adverse events are found in patients at risk of RFS when comparing an assertive
refeeding protocol to a conservative refeeding protocol (>20 kcal/kg/day versus <20
kcal/kg/day), [19]. This indicates the need for differentiating refeeding protocols, and pooling

data may cause potentially fatal recommendations for some groups.

Studies have begun confirm a higher initial refeeding (kcal/kg/day) and titration rate to reach
the estimated goal in patients with anorexia nervosa and have moved toward a more cautious
initial refeeding rate (kcal/kg/day) in the critically ill [18, 255]. The recommendations for
older adults based on our results were not conclusive, but no difference in RFS among
patients receiving cautious refeeding protocol 10 kcal/kg/day compared with those receiving a
more assertive refeeding protocol 20 kcal/kg/day were found. There was neither a difference
in LOS (14.5 (8.7) days vs. 13.6 (10.8) days) or mortality (39% (n = 16) vs. 34% (n =15)) in
the more assertive protocol compared with cautious refeeding protocol, respectively. We
found no difference in the side effects of EN between the groups: 22% of patients experienced

some cases of diarrhea, vomiting, aspiration, constipation, edema, nausea, and admission to
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the ICU, but this was evenly divided between the groups. However, the more assertive
refeeding protocol received a higher total energy intake (oral and EN) only on day 1 and 2,
and in light of this, the results should be interpreted with a degree of caution. A finding that
may be a cause for concern is that the patients receiving the more assertive refeeding protocol
seemed to experience more respiratory distress than the cautious group, which was the only
clinical sign registered in the current study: 53.6% (n = 22) compared with 30.2% (n = 13).
This may be because of a greater volume load and/or fluid overload, which is common in
malnourished patients [256]. Another finding was that 16 out of the 35 patients with
respiratory distress were admitted with pneumonia, with 11 being in the more assertive
refeeding protocol. This may indicate that patients with pneumonia should be monitored
closely [173]. However, there are other possible explanations: the group of patients receiving
the more assertive refeeding protocol had a higher incidence of patients with a high risk of
RFS, according to NICE guidelines (see Table 5) (46.3% (n = 19) of 36.4% (n = 16)) (p
=0.029) when compared with the more cautious refeeding protocol [145].

Recently, ASPEN [11] and Friedli et al. [21] have published new consensus refeeding
protocols that deviate from each other both in initial refeeding rate and time to reach
estimated goal calories. Friedli et al. [21] recommend classifying patients according to their
risk of RFS—Iow risk, high risk, and very high risk—with the initial refeeding protocols and
titration rate according to the risk of RFS. Initial feeding is recommended as 15-25, 10-15,
and 5-10 kcal/kg/day, with the titration rates to meet the estimated goal rate on day 5, day 7,
or >10 days in low risk, high risk, and very high risk, respectively. Although ASPEN [11]
does not classify patients according to risk, the guidelines suggest starting with10-20
kcal/kg/day for the first 24 hours, then to advance by 33% of the goal every 1 to 2 days. In the
ASPEN regime, the estimated goal rate will be met approximately between day 2 and day 5,
depending on initial rate and titration rate.

In our study, the cautious refeeding protocol was a duplicate of Friedli et al.’s [21] protocol
for patients at a high risk of RFS, and the patients reached an estimated goal rate at day 7. The
ASPEN [11] guidelines are more in line with our more assertive refeeding protocol, and it is

an interesting finding that our two different refeeding protocols fit into the new guidelines.

In Paper I, we aimed at improving HGS, which can be used as a surrogate marker for
nutrition status, by providing 30% more energy during the 7-day intervention period. Even

though HGS has good reliability and validity and several studies have shown that nutrition
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intervention improves HGS, it was not sensitive enough to detect a difference between the
two groups [236, 237, 257]. This may be related to the short intervention time and the lack of
difference in the energy intake (EN and oral intake) between the groups, with a significant
difference in the refeeding protocol for 33% of the duration [173]. Comparing our study to a
RCT by Ha et al., in a similar patient group, it has been found that HGS improved at 3 months
(mean (SD) of 2.3 kg (3.7) compared with -0.3 kg (4.9), p = 0.001) with a nutrition
intervention of a mean of 11 days; the study indicates a difference in calories, with a mean
(SD) 19.1 (6.9) kcal/kg/day versus 15.3 (4.8) kcal/kg/day, (p = 0.005) between the two groups
[237]. Most studies have longer nutrition intervention periods: 11 days in Ha et al. and
between 8 and 12 weeks in other studies [233-237, 257]. Moreover, we can only speculate
that if there would have been a statistically difference in energy between the groups on days 1

through day 6, then there would have been a difference in HGS between the groups.

The results from our study will hopefully help build further evidence for future
recommendations. Following Friedli et al.’s [21] high-risk group recommendation regarding
titration to reach the goal rate on day 5 or NICE guidelines between days 4 and 7 might be the
recommendation. In addition to tight electrolyte control, monitoring the signs and symptoms
that develop after recommencing feeding would be appropriate for this older patient group
[11, 21, 83]. However, our findings call for more research, which draws attention to the need

of differentiated recommendations according to disease state and age.

6.2.2 Refeeding syndrome

A more assertive refeeding protocol did not aggravate the development of RFS as expected.
The question is whether developing RFS depends on the rate of refeeding or if it will occur
regardless of rate, as demonstrated in the systematic review (Paper 1) that shows that RFS
occurred with both an initial calorie level of 10 and 20 kcal/kg/day (phosphate <0.5 mmol/L,
15% and 25%, respectively) [172]. Also, in Paper Il, 17.1% in the more assertive refeeding
group (20 kcal/kg/day) and 9% in the cautious group (10 kcal/kg/day) developed RFS using
phosphate <0.65 mmol/L, but this difference was not significantly different (p = 0.29) [173].

The diagnostic criteria for RFS has evolved from using phosphate as a hallmark finding to
including the clinical signs and symptoms, in addition to electrolyte disturbances, when

diagnosing RFS [83]. Although the word syndrome indicates multiple abnormalities, there is
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no consensus on which anomalies or the number required to confirm the diagnosis or if using
just phosphate is sufficient enough to set the diagnosis [55, 169]. Even though RFS was not
aggravated when using a more assertive refeeding protocol, in Paper Il, we did find more
respiratory distress. Here, 19 of the 35 patients died within 3 months [173] and 22 of 35
within 1 year, with a significantly higher mortality rate in the assertive refeeding protocol (p =
001). As mentioned earlier, this indicates that respiratory distress should be further
investigated because it may be a diagnostic sign for RFS. The sign is considered measurable
and present with a physical manifestation, while symptoms are subjective, not measurable,
and perceived by patients only [258]. Both Friedli et al. and ASPEN lists the symptoms and
signs in their guidelines, and a total of 34 and 62 symptoms and signs are listed as possible
consequences for RFS by Friedli et al. and ASPEN, respectively [11, 21]. In our study,
respiratory distress was considered a symptom because it was observed by the nurses and
MDs by auscultation of their lungs, registering increased rattling in their chests and increased

need for oxygen after recommencing feeding.

However, there is an urgent need to investigate which sign and symptoms are common in
relation to RFS because it will be difficult to use the numbers listed in each consensus
recommendation when diagnosing RFS [11, 21]. However, during clinical practice, it is
important to become aware of new signs and symptoms in conjunction with electrolyte
disturbances after recommencing nutrition because this may relate to RFS rather other causes

of disturbances.

The longitudinal study (Paper I11) demonstrated the consequences in incidence rates when
lacking a unified diagnostic criterion. The incidence rates were 12.9% when using only
phosphate as the cut-off, 31.8 % when using Friedli et al.’s consensus, and 65.9% when using
the ASPEN consensus (Table 4, defining each criteria) [11, 21]. This shows the challenges
that healthcare workers are having on how and when to provide treatment to patients with
RFS. A standardized terminology is universal to the healthcare community and will help
understand the conditions of the patients and which treatment they need to undergo. When the
healthcare community operates with different definitions and diagnostic criteria, the patient
may not get appropriate treatment [83, 259]. Which criteria to use in a clinical setting is yet to
be determined. However, it seems more practical to use a clear cut-off value for RFS as in our
study (phosphate <0.65 mmol/L) [158] than including a set of cut-off values for all
electrolytes as in Friedli et al. [21] or to calculate a percent fall in electrolytes during a

specific time frame as in ASPEN. However, there is not enough evidence to support using
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either a clear cut-off or percent fall when diagnosing RFS, and further research is needed to
investigate if either of the consensus guidelines would be a better diagnostic tool for RFS [11,
21].

To reach a global consensus on RFS, including its definition, a screening tool, and improved
diagnostic criteria, developing safe refeeding protocols can enhance the medical community’s
ability to identify the syndrome and embed it into a classification system such as ICD [260].
Thus, coming to a consensus on RFS globally will take time and money, as demonstrated in
the making of the GLIM criterion, a process that started in 2012 and published consensus in
2019 [83, 84].

6.2.3 Mortality

Even though mortality was not the overall aim of the RCT, the intention of the nutritional
intervention was to mitigate malnutrition, that is, improving nutritional status by providing
severely malnourished patients with adequate energy and protein through EN during the
hospital stay, thereby hopefully also having an effect on mortality. Being diagnosed with
malnutrition increases the risk of dying [99]. A BMI <23.6kg/m? is independently associated
with increased mortality, while weight stability is associated with the lowest mortality,
regardless of BMI [261]. Based on this, all our patients were expected to have an increased
mortality risk because they were diagnosed with ICD-10 criteria for malnutrition, E43, and
E44 (Table 3) [99, 262]. However, we did not detect any significant differences in the
mortality rate between the two refeeding protocols, but 36.5% (n = 31) and 56.5% (n = 48)
died within 3 months and 1 year, respectively [173]. These mortality rates were comparable
with the mortality rates in our systematic review (Paper 1), ranging from 26% up to 48%
within 1 month [172]. The similarity may be explained by the fact that the energy intake in
the two groups was significantly different only during the first 3 days of treatment, and it is
dubious to assume that this would have any effect on the mortality rates [173]. Additionally,
many of these patients were very old and multimorbid; in addition to malnutrition, frailty,
sarcopenia, and cachexia were probably present in many of our patients. All of these wasting
syndromes are associated with increased mortality [69, 75, 79]. A recent systematic review

and meta-analysis summarizes the association between physical frailty, sarcopenia, and

72



malnutrition in older hospitalized adults, finding that almost 50% of the older adults had two

and three of these wasting syndromes at the same time [66].

Sarcopenia was probably present in our patient population, as indicated by a mean (SD) HGS
of 13.3 (7.2) kg in women and 17.2 (11.4) kg in men. This is well below the cut-off points for
detecting sarcopenia (i.e., 16 kg in women and 27 kg in men) [58]. Sarcopenia, frailty, and
malnutrition are somewhat reversible conditions with a nutrition intervention and exercise
[263-265]; indeed, a nutrition intervention in malnourished patients has proven to increase
survival and reduce mortality [122, 266]. As discussed in Paper Il, many of our patients might
have presented with cachexia (described as BMI <20 kg/m?, low HGS, poor appetite, and
elevated CRP [63, 267]), a multiorgan syndrome often associated with chronic diseases [69].
During cachexia, the body is in a negative protein and energy balance because of a
hypermetabolic state in relation to the inflammation disorder. Hypermetabolism increases
energy expenditure often in a combination with reduced appetite. Besides increasing energy
expenditure, the metabolism also has an impaired protein synthesis [264, 267]. Cachexia is
also called the wasting syndrome and comes with the highest risk of mortality; it is most often
seen in cancer patients and has no proven treatment to reverse the syndrome [265]. Studies
have indicated that nutrition intervention will not help if the main cause of weight loss is not
related to inadequate nutrition intake or uptake but rather to the metabolic changes in relation
to inflammation. This might be part of the explanation for the similarity in mortality and

malnutrition as measured by HGS, even with adequate nutrition [264].

To differentiate between the four wasting syndromes in older adults, screening tools should
include questions and measures to identify each syndrome. This will help individualize and
optimize the intervention, both for physical and nutrition interventions [66] Nevertheless, RFS
has been associated with increased mortality [16, 136, 169]. However, there has been
conflicting evidence regarding RFS and its association with mortality [171]; this is
demonstrated in a recent systematic review and meta-analysis aiming to investigate the
differences in the risk of dying among patients developing RFS compared with patients who
did not during refeeding in a malnourished patients group ranging from 50 to 74 years. The
review finds a nonsignificant trend (odds ratio [OR] = 1.27, 95% CI: 0.93-1.72) toward an
increased short-term (< 1 month) mortality and an significant increase in mortality at 6
months among patients developing RFS during refeeding (OR = 1.54, 95% CI 1.04-2.28)
[268]. These results do not correspond with our results in Paper 111, which found no increased

mortality in patients with RFS compared with patients without RFS in any of the three
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different diagnostic criteria. Importantly, the systematic review shows that when refeeding
was supervised by a nutrition support team, no excess mortality occurred [268]. This was also
the case in our study, where all patients had an individualized refeeding protocol and were
followed up by close monitoring of electrolytes, signs of RFS, and adverse events of EN
throughout the study period. It is possible that because of close monitoring and the
supplementation of electrolytes throughout the refeeding period, the most severe cases of
RFS, including death, were avoided. Few RCT studies have included older multimorbid
patients. In fact, many studies have age and reduced cognitive function as their exclusion
criteria. This is mostly because older age is associated with reduced cognitive function, which
increases the work to obtain consent and higher mortality rates. The latter, combined with
high attrition rates, will necessarily affect the quality of the results [250, 269]. Excluding
these patients from studies is unfortunate because it will be difficult to develop evidence-
based nutrition treatment protocols [250]. However, in the present study, we included this
group. Almost all patients were acutely admitted, and they were multimorbid with several
chronic diseases, including dementia, and were prone to increased mortality. To prevent
patients with a short life expectancy affecting the drop out and power of the study, we ensured

that those patients were excluded from the study.

6.3 Clinical implications

The area around RFS has a huge limitation because it lacks a global unified definition,
diagnostic criteria, validated screening tool, and refeeding protocols, of which the latter was

the focus in the current thesis.

For decades, studies have warned of the consequences of RFS, and guidelines have
recommended calorie restrictions and careful titration rates. The slogan has been “start low-
go slow” [270]. However, in recent years, studies have confirmed that patients with anorexia
nervosa would benefit from a more aggressive refeeding rate. This is to the contrary for the
critical ill, with studies verifying that the best method is a cautious refeeding approach. Based
on our study, we suggest moving toward a higher initial refeeding rate of 20 kcal/kg/day
rather than following the NICE guidelines [145] or Friedli et al.’s [21] guidelines. However,
meeting the estimated goal rate at day 3 can be disputed because the more assertive refeeding
protocol experienced more respiratory distress, which is indication that this time frame might
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be too fast. This is a finding that needs to be further investigated. Also, the more assertive
refeeding protocol seemed to not be able to follow the titration rates, with 3 out 6 intended
days difference of energy provision between the groups. Based on our findings, a better
treatment approach would be to follow Friedli et al.’s [21] or the NICE guidelines [145]
regarding titration rates to reach the goal rate within 4 to 7 days. Although we did not find any
difference in HGS between our groups, we experienced measuring HGS as an easy instrument
for use in clinical practice. Whereas many studies have used HGS as a nutritional marker, it is
still not validated as such, and future studies should aim to build evidence to use HGS as a

surrogate marker for nutrition status.

Lacking a unified diagnostic criterion has been proposed by many studies as an obstacle in
estimating the true incidence rates of RFS [132, 146, 169], which was demonstrated in Paper
[11, with incidence rates ranging from 12.9% up to 65.9%. Whether using set cut-off values
for electrolytes or using a percent fall from baseline needs to be determined. However, neither
of the criteria found a higher mortality rate in patients with RFS compared with patients
without. It is not surprising that patients are dying with increasing age, but the mortality rate
of 56.5% within 1 year raises ethical questions regarding the level of treatment these older
severely malnourished multimorbid are receiving. It may imply that this patient group does
not benefit from nutrition therapy to the same extent as younger patients or that nutrition
treatment is coming in too late in the patient’s disease trajectory. In addition, many patients
may have an underlying wasting syndrome such as cachexia that, to some extent, is

irreversible and nonresponsive to nutrition intervention.

6.4 Future research

With the current thesis, we have attempted to substantiate more knowledge about the
syndrome; hopefully, this will be a part of the building block in understanding the complexity
of the syndrome. This may help in building more evidence-based knowledge for future

definitions, diagnostic criteria, and safe refeeding protocols for older malnourished patients.

Future clinical trials should try to gain more evidence regarding the following bullet points:

o A universal consensus on how to adequately define RFS

o The importance of the initial refeeding rate
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What the safest titration rate is to meet estimated goal rate

Determining the optimal refeeding nutritional composition for patients at risk or with
RFS

Validating the electrolyte replacement protocols for patients with RFS,
hypophosphatemia, hypomagnesemia, and hypokalemia

Building further evidence on the time course of occurrence or day of electrolyte nadir
Global diagnostic criteria

Increasing the awareness of clinicians toward the earlier recognition and appropriate
management of RFS

Studying the different patient groups, for example, older patients, cancer patients, and
other patients, at risk of malnutrition, hence adding to the current understanding

Further investigating hand grip strength as a nutritional marker
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7. Conclusion

The overall aim of the current thesis was to contribute to evidence-based research regarding a safe
nutrition regime by investigating two different EN refeeding protocols in older hospital patients and
their effect on nutritional status, as measured by HGS, RFS, and mortality.

We hypothesized that a more assertive enteral refeeding protocol will improve nutritional status, as

measured by HGS, but potentially aggravate RFS in older malnourished hospitalized patients.

The conclusion from the three papers can be summarized as follows:

o The systematic review revealed a scarcity of studies on RFS in older patients.
However, low phosphate values occurred in up to 25% of the patients, even when
refeeding cautiously. The day of phosphate nadir occurred most frequently between
days 2 and 4, which means that it is important to measure electrolytes daily during
refeeding.

o When comparing a more assertive refeeding protocol with a cautious protocol, there

was no improvement in HGS—when used as a nutritional marker—incidence of RFS,

or mortality, but importantly, the nutrition intervention was only different on days 1
and 2. Day of phosphate nadir occurred on mean day 3, which is similar to the
findings from the systematic review.

o When using different diagnostic criteria, the incidence of RFS occurred widely.
Although with high mortality rates, patients with RFS did not have a higher
probability of dying than patients without RFS.
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