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STUDY PROTOCOL Open Access

Optimization of Nutrition And Medication
(OptiNAM) for acutely admitted older
patients: protocol for a randomized single-
blinded controlled trial
Aino L. Andersen1,2†, Morten B. Houlind1,3,4†, Rikke L. Nielsen1,2, Lillian M. Jørgensen1,5, Charlotte Treldal1,3,4,
Morten Damgaard6, Anne Kathrine Bengaard1,2,3, Helle Gybel Juul-Larsen1, Louise Bolvig Laursen7, Esben Iversen1,
Marie Kruse1,8, Anne M. L. Pedersen9, Mads Hornum2,10, Anne M. Beck11,12, Mette M. Pedersen1,2,
Mikkel Z. Ankarfeldt1,13, Janne Petersen1,13,14 and Ove Andersen1,2,5*

Abstract

Background: Internationally, older patients (≥65 years) account for more than 40% of acute admissions. Older
patients admitted to the emergency department (ED) are frequently malnourished and exposed to inappropriate
medication prescribing, due in part to the inaccuracy of creatinine-based equations for estimated glomerular
filtration rate (eGFR). The overall aims of this trial are to investigate: (1) the efficacy of a medication review (MED
intervention) independent of nutritional status, (2) the accuracy of eGFR equations based on various biomarkers
compared to measured GFR (mGFR) based on 99mTechnetium–diethylenetriaminepentaacetic acid plasma clearance,
and (3) the efficacy of an individualized multimodal and transitional nutritional intervention (MULTI-NUT-MED
intervention) in older patients with or at risk of malnutrition in the ED.

Methods: The trial is a single-center block randomized, controlled, observer-blinded, superiority and explorative trial
with two parallel groups. The population consists of 200 older patients admitted to the ED: 70 patients without
malnutrition or risk of malnutrition and 130 patients with or at risk of malnutrition defined as a Mini Nutritional
Assessment-Short Form score ≤11. All patients without the risk of malnutrition receive the MED intervention, which
consists of a medication review by a pharmacist and geriatrician in the ED. Patients with or at risk of malnutrition
receive the MULTI-NUT-MED intervention, which consists of the MED intervention in addition to, dietary counseling
and individualized interventions based on the results of screening tests for dysphagia, problems with activities of
daily living, low muscle strength in the lower extremities, depression, and problems with oral health. Baseline data
are collected upon study inclusion, and follow-up data are collected at 8 and 16 weeks after discharge. The primary
outcomes are (1) change in medication appropriateness index (MAI) score from baseline to 8 weeks after discharge,
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(2) accuracy of different eGFR equations compared to mGFR, and (3) change in health-related quality of life
(measured with EuroQol-5D-5L) from baseline to 16 weeks after discharge.

Discussion: The trial will provide new information on strategies to optimize the treatment of malnutrition and
inappropriate medication prescribing among older patients admitted to the ED.

Trail registration: ClinicalTrials.gov NTC03741283. Retrospectively registered on 14 November 2018.

Keywords: Drug utilization Review, Potentially inappropriate medication list, Glomerular filtration rate,
Pharmacogenetics, Malnutrition, Quality of life, Gastrointestinal microbiome, Frailty, Geriatrics, Emergency service,
Hospital

Introduction
Background
Internationally, older patients (≥65 years) account for
41–46% of acute admissions [1–3]. Among older pa-
tients admitted to the emergency department, the preva-
lence of the risk of malnutrition and malnutrition ranges
between 35 and 71% in acutely admitted older patients
[4–8] and the prevalence of polypharmacy (≥5 pre-
scribed medications) is 73–77%, while 51–85% receive at
least one potentially inappropriate medication (PIM) [9–
12]. Both malnutrition and polypharmacy are associated
with decreased quality of life [13–16], and these risk fac-
tors are often comorbid, as 64–87% of older patients at
risk of malnutrition present with polypharmacy [5, 6, 9].
However, interventions to address malnutrition and in-
appropriate medication prescribing in the ED are limited
by the acute setting. The median length of stay (LOS)
for acutely admitted older medical patients is 2.2–4.5
days [17, 18], and more than half of all patients admitted
to the ED are discharged without being transferred to
another department [6, 8, 19]. Consequently, some of
these patients will be discharged before initiatives to
overcome malnutrition or inappropriate medication have
been started. Therefore, it is essential that interventions
to optimize nutritional care and medication prescribing
are started in the ED and continued after discharge
(transitional care).

Inappropriate prescribing and medication review
intervention
Polypharmacy is common among older patients in part
because medications are readily prescribed for new con-
ditions, but the appropriateness of continuing each
medication is rarely evaluated [20–22]. Polypharmacy
and other causes of inappropriate medication prescribing
may lead to adverse drug reactions, which are respon-
sible for up to 15% of unplanned hospitalizations [23].
Therefore, dose adjustment and deprescribing of in-
appropriate medications are important components of
medication reviews for older patients [24]. Medication
optimization in older patients is challenging due to the
presence of comorbidities and individual variations in

age-related physiological changes including pharmacoki-
netic, pharmacogenetic, and pharmacodynamic re-
sponses to medications [25, 26].
Pharmacist-led medication reviews have been pro-

posed as an important component of optimizing medica-
tion prescribing [27], but there is conflicting evidence
regarding the impact and efficacy of medication reviews
for older patients in the ED [28–32]. International stud-
ies have shown that collaboration between pharmacists
and physicians in multidisciplinary hospital teams can
decrease inappropriate prescribing among older patients
in a transitional setting [33–35]. We have previously
shown that a medication review in the ED is feasible and
led to increased medication appropriateness between ad-
mission and discharge in 64% of the patients [36]. How-
ever, this finding has never been demonstrated among
older patients in the ED using a randomized controlled
trial. Therefore, we aim to use a randomized controlled
trial to determine the efficacy of a medication review
(MED intervention) in a cohort of acutely admitted older
patients both without and with risk of malnutrition.

Accuracy of estimated glomerular filtration rate in older
medical patient
Another challenge during medication optimization is the
accurate assessment of renal function [37, 38]. This is
important because approximately 40% of all medications
require dose adjustment according to renal function
[39]. In clinical practice, renal function is typically deter-
mined with estimated glomerular filtration rate (eGFR)
based on the measurement of serum creatinine. How-
ever, serum creatinine is heavily dependent on non-GFR
determinants such as muscle mass, nutritional status,
and sex, which can result in inaccurate eGFR and, there-
fore, inappropriate prescribing of renally cleared medica-
tions among older patients [40, 41]. Alternative markers
of kidney function such as cystatin C, beta-trace protein
(BTP), and beta-2-microglobulin (B2M) are less
dependent on muscle mass, age, and sex compared to
serum creatinine and may be more appropriate in older
patients [40–42]. However, these novel biomarkers may
be affected by other non-GFR determinants, such as
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inflammation, and there is a lack of knowledge regarding
their impact among acutely admitted older patients [40,
41]. Therefore, we aim to determine which kidney
marker or combination of markers is most accurate for
older medical patients, as well as the impact of non-GFR
determinants on this accuracy.

Malnutrition and nutritional intervention
Malnutrition can lead to decreased physical function
and quality of life, rehospitalization, and death [43–45].
Malnutrition among older adults often has a multifactor-
ial etiology [46] including dysphagia [47, 48], poor appe-
tite [49–51], dry mouth [52], problems in the oral cavity
[48, 50], polypharmacy [49, 53], hospitalization [50], de-
creased cognitive capacity, and decreased ability to per-
form activities of daily living such as cooking, grocery
shopping, and eating [48]. Medications can also contrib-
ute to the development of malnutrition, as they can in-
duce dry mouth [54], nausea [55], constipation [56],
diarrhea [56], and anorexia [57].
The European Society for Clinical Nutrition and Me-

tabolism (ESPEN) recommends that nutritional interven-
tions in older persons should be individualized,
multimodal, multidisciplinary, and comprehensive to im-
prove the quality of life. They also recommend that po-
tential causes of malnutrition are systematically
identified and eliminated if possible [58]. To our know-
ledge, however, there is no evidence regarding the effect
of a multimodal and transitional nutritional intervention
in acutely admitted older medical patients. Therefore,
we aim to test the effect of an individualized multimodal
and transitional nutritional intervention (MULTI-NUT-
MED intervention) among acutely admitted older med-
ical patients using a randomized controlled trial.

Aims
The study involving acutely admitted older medical pa-
tients has three primary aims (1) to determine whether a
medication review intervention is superior to standard
care in improving medication appropriateness from ad-
mission to 8 weeks after discharge, (2) to determine the
accuracy of eGFR equations based on various bio-
markers compared to mGFR at a single-time point, and
(3) to determine whether an individualized multimodal
and transitional nutritional intervention is superior to
standard care in improving the quality of life from ad-
mission and 16 weeks after discharge.
The study also has the following secondary aims which

are related to the effect of the intervention: (1) to meas-
ure differences in polypharmacy, PIM use, and assess-
ment of underutilization between the MED-intervention
and standard care from admission to 8 weeks after dis-
charge and (2) to measure of the differences in body
weight, protein- and energy intake, mobility, cognition,

frailty, the intestinal microbiome, and health care costs
between the MULTI-NUT-MED intervention and stand-
ard care from admission to 8 and 16 weeks after dis-
charge and 1 year after discharge (only health care
costs).
Secondary aims, which are based on baseline data or

data from the control group, include assessment of (1)
how information from a broad pharmacogenetic test can
potentially improve medication prescribing appropriate-
ness; (2) how polypharmacy, PIMs, nutritional status,
frailty, and inflammation modify the effect of the MED-
intervention on prescribing appropriateness; (3) how
non-GFR determinants affects eGFR and how the choice
of eGFR equation affects medication prescribing; (4)
how the choice of malnutrition classification criteria af-
fects the prevalence of malnutrition; and (5) how differ-
ent definitions of frailty affect the distribution of
patients classified as frail or sub-frail as well as the re-
sponsiveness of these methods.

Methods: participants, interventions, and
outcomes
Overview and trial design
The OptiNAM trial is a single-center block randomized,
controlled, observer-blinded, superiority, and explorative
trial with two parallel groups. The trial starts upon ad-
mission to the ED and includes follow-up visits at 8 and
16 weeks after discharge and a telephone interview at 1
year after discharge in participants with MNA-SF≤11 to
collect EuroQol-5D-5L. Figures 1 and 2 and Table 1
provide schematic overviews of the trial design. The trial
was initiated on October 15, 2018, and adheres to the
Standard Protocol Items: Recommendations for Inter-
ventional Trials (SPIRIT) Statement [59]. Trial registra-
tion data (Table 1s) and a SPIRIT checklist are provided
in the Supplementary material.

Setting
The tax-funded Danish health care system is based on
the principles of free and equal access to health care for
all citizens. In Denmark, there are approximately 1 mil-
lion acute hospital admissions each year, of which 46%
are older persons [1]. This trial is conducted at
Copenhagen University Hospital, Hvidovre, Denmark,
which covers 10 municipalities with approximately
550,000 citizens and has about 14,000 medical admis-
sions each year of which 85% are acute admissions [36].
The ED has a 29-bed-medical-ward handling acute med-
ical admissions, and a separate emergency room (ER)
handling minor injuries and traumas. Patients are re-
ferred to the ED by a general practitioner (GP), medical
helpline, or emergency phone call. From the ED, a pa-
tient can either be discharged or transferred to a special-
ized medical ward. The hospital does not have a
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geriatric ward, but the ED is permanently staffed by geri-
atricians and clinical pharmacists. Dieticians, occupa-
tional therapists and physiotherapists are available for
consult. Dentists are not part of the normal hospital
staff.

Eligibility criteria, recruitment, and consent
Patients are eligible for inclusion if they are ≥65 years of
age, acutely admitted to the ED, community-dwelling,
and residing in one of the following municipalities: Hvi-
dovre, Copenhagen (Districts of West and South West-
ern Copenhagen), or Brøndby. Exclusion criteria are
inability to understand Danish, inability to cooperate
physically (e.g., hearing or speech impairment), or cogni-
tively (e.g., dementia or unconsciousness), isolation
room stay, not Caucasian, and admission due to suicide
attempt or terminal illness.

Participants are recruited up to 36 h after admission.
Each morning (Monday through Thursday), patients are
assessed for eligibility from a randomized computer-
generated list of all patients in the ED. Eligible patients
are informed about the trial both verbally and in writing
by a team of seven researchers and are given the possi-
bility of a reflection period of 24 h to consent to partici-
pation. Participants are given the option to consent
separately to GFR measurement and pharmacogenetic
test. After obtaining written informed consent, each par-
ticipant is randomized to either the intervention group
or standard care, and baseline data are collected. After
baseline data are collected, each participant is informed
about the result of the randomization by staff perform-
ing the intervention.
The following strategies are implemented to minimize

the effect of staff shortages on patients recruitment: (1)

Fig. 1 Overview of the trial design. Mini Nutritional Assessment-Short Form (MNA-SF), Multidisciplinary (MULTI), Nutritional (NUT), and
Medication (MED)
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on days with insufficient hospital staff available to per-
form the MULTI-NUT-MED intervention, only patients
with a Mini Nutritional Assessment Short-Form (MNA-
SF) [60] score >11 are recruited (to the MED interven-
tion only); (2) on days with insufficient community-
based staff available to perform future nutritional inter-
vention (e.g., due to vacation or long term illness), pa-
tients from these municipalities are not assessed for
eligibility; (3) if more than 35% of the first 50 included
patients (n = 50) have an MNA-SF score >11, then the
project leaders can decide to exclusively recruit patients
with an MNA-SF score ≤11 2 days of each week in order
to achieve a sufficient number of participants with an
MNA-score ≤11 (see the “Sample size” section). The ex-
pected recruitment rate is two participants per week for
100 weeks.

Standard care
The intervention is given in addition to standard care.
The control group is offered standard care only. Stand-
ard care was chosen as the comparator as this is what
needs to be improved.
Medication reconciliation is performed by a clinical

pharmacist within 24 h of ED admission for all patients
[61]. If available, an initial medication list is obtained
from the admitting ED physician. This initial list is com-
pared with the hospital’s electronic patient record sys-
tem and Shared Medication Card, a central containing
information about all medications prescribed and dis-
pensed within the previous 2 years [62]. Each participant

is then asked to confirm the use of each medication. If a
participant is unable to provide reliable information,
then the medication list is confirmed with a caregiver
(e.g., family member, GP, home nurse, nursing home
staff, or community pharmacy). The final medication list
is documented in the electronic patient record along
with any discrepancies between the initial and final
medication list. The final medication list is communi-
cated to the providing geriatrician, who updates the par-
ticipant’s electronic prescriptions accordingly.
According to the regional nutritional guideline in the

Capital Region of Denmark, all patients with an expected
hospital stay of more than 24 h should be screened for
nutritional risk during the first 24 h of hospitalization
and have treatment initiated when relevant [63]. All trial
participants are offered the same foods and nutritional
products during hospitalization, except for the protein
supplement P-Boost®, which is only offered to partici-
pants in the intervention group (see the “Dietary Coun-
seling” section).
All municipalities offer food service (paid by the re-

cipient) and home care meal support. None of the muni-
cipalities have systematic identification of malnutrition.
The municipality of Hvidovre offers home visits from a
dietician for citizens who experience unintentional
weight loss or declining functional ability or if the muni-
cipality is informed of a citizen at risk of malnutrition
during hospitalization. The dietician offers unlimited
dietary counseling until the goal of counseling is
reached, or the counseling is deemed to be unfruitful.

Fig. 2 Schematic overview of the MULTI-NUT-MED and MED intervention elements and their timeframe. X indicates the timepoint of the
intervention element. *These interventions are provided on an individually assessed need. Thus, only the possible timespan of the intervention is
indicated. Abbreviations: Multidisciplinary (MULTI), Nutrition (NUT), Medication (MED), and Activities of Daily Living (ADL)
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The municipality of Copenhagen offers nutritional ad-
vice from a nurse to citizens identified as having malnu-
trition by care staff. The municipality of Brøndby offers
dietary counseling from a community-based dietician to
citizens with malnutrition who are identified by care
staff. Due to the variation between the municipalities,
randomization is stratified by the municipality.

Interventions
The intervention is individualized: participants in the
intervention group without malnutrition (MNA-SF >11)
only receive the MED intervention, and participants in
the intervention group with or at risk of malnutrition
(MNA-SF ≤11) receive the MULTI-NUT-MED interven-
tion (see Fig. 1 and Table 1).

Table 1 A schematic overview of the study design. Definition of timepoints: t1: Within 36 h after admission the ED, ta: Immediately
after data collection upon enrollment has ended, tGFR: During hospitalization or up to 2 weeks after discharge, t2: 8 weeks after
discharge, t3: 16 weeks after discharge, t1y: 1 year after discharge. Abbreviations: GFR glomerular filtration rate, MULTI
multidisciplinary, NUT nutritional, MED medication

Timepoint Enrollment Allocation Post allocation Close-out

t1 ta tGFR t2 t3 T1y

Enrolment

Eligibility screening x

Informed consent x

Allocation x

Nutritional screening x

Interventions

MULTI-NUT-MED intervention x x

MED intervention x

Data collection

Descriptive variables x

Primary outcomes

Health related quality of life x x x x

Medication appropriateness x x x x

Kidney Function x

Confirmative outcomes

Underutilization of medication x x x

Energy and protein intake During admission x x

Mobility x x x

Activities of daily living x x x

Well-being x x x

Frailty x x x

Anthropometry x x x

Blood pressure and heart rate x x x

Mortality x x

Cognition x x x

Depression x x x

Blood samples x x x x

Health economy x x x

Explorative outcomes

Gene variations x

Body composition x x x x

Nutritional status x x x

Intestinal microbiota x x x
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Medication review intervention (MED intervention)
After the final medication list is obtained and baseline
data are available, each participant is given a structured,
patient-oriented medication review by the clinical
pharmacist. All medications are reviewed to evaluate the
(1) agreement with current national guidelines regarding
choice of medication, dose, and dosing interval; (2)
whether the goal of treatment has been met; (3) pres-
ence of nausea, constipation, diarrhea, loss of appetite,
or dry mouth related to use of the medication; and (4)
whether there is inadequate treatment of any current
diagnoses or conditions. PIMs are identified using the
Screening Tool of Older Persons’ Prescriptions criteria
version 2 [64]. Prescribing recommendations based on
eGFR are obtained from Renbase® [65] and “pro.medi-
cin.dk,” a database containing information on national
medication and treatment guidelines [66]. Medications
are considered “renal risk medications” if dose adjust-
ments are recommended at eGFR ≤90 mL/min/1.73 m2.
Drug interactions are determined using the national
database “interaktionsdatabasen.dk” [67]. Finally, each
prescribed medication is assessed for appropriateness
based on the indication for treatment, recommended
dose, adverse drug reactions, therapeutic duplication,
dosing interval, formulation and strength, drug interac-
tions, contraindications, precautions, and specific partici-
pant characteristics. The clinical pharmacist documents
any recommended changes to the participant’s medica-
tion list in the electronic patient record. These recom-
mendations are then reviewed by a geriatrician, who
decides whether to accept, reject, or alter each recom-
mendation in collaboration with the clinical pharmacist.
Any medication changes made by the geriatrician are
documented, in the electronic patient record and imple-
mented in the ED, accepted but not implemented in the
ED, communicated to a specialized hospital ward and/or
the participant’s GP, or rejected [36].

Multidisciplinary nutritional intervention (MULTI-NUT-MED
intervention)
In addition to the MED intervention described above,
the multidisciplinary nutritional intervention consists of
an individualized multimodal and transitional interven-
tion that includes dietary counseling, occupational ther-
apy, physiotherapy, evaluation and treatment of
depression, and an oral health-related intervention. The
choice of intervention is based on screening tests per-
formed during the baseline data collection (see Figs. 2
and 3).

Dietary counseling
Dietary counseling is provided both during
hospitalization, by research dieticians, and after hospital
discharge by community-based dieticians or by hospital-

based research dieticians if community-based dieticians
are not available. The goal of dietary counseling is to en-
sure that each participant receives a diet that covers the
energy and protein requirements to either maintain their
body weight (if BMI≥18.5) or gain body weight (if BMI <
18.5). Both the content of the dietary counseling and the
structure of the home visits after discharge are inspired
by Lindegaard et al. [68, 69].

During hospitalization Immediately after
randomization, the research dietitian creates a dietary
plan in collaboration with the participant for the partici-
pant to follow during hospitalization. This dietary plan is
based on foods and nutritional products available at the
hospital as well as the participant’s nutritional needs
[70], self-reported food preferences, and ability to chew
(oral or dental pain and masticatory difficulties) and
swallow (evaluated by the EAT-10 score [71, 72] and an
occupational therapist).
Foods and nutritional products available at the hos-

pital include a fixed menu in the ED or an a la carte
menu in specialized wards, energy- and protein-enriched
or texture-modified menus, oral nutritional supplements
(ONS), and a selection of beverages and in-between
meals. Participants in the MULTI-NUT-MED interven-
tion may also receive P-Boost®(Adosan), a fluid protein-
only supplement.
Daily dietary intake is recorded in a food diary by the

participant and validated by the research dietician the
following day. If a food diary is incomplete, then the re-
search dietician performs a 24-h dietary recall [73]. Both
dietary intake and dietary plans are entered in VITA-
KOST [74]. If 100% of energy and protein and energy re-
quirements is not achieved on a given day, then the
dietary plan is adjusted for the following day. If >75% of
protein and energy requirements is not achieved for 2
days in a row, then tube feeding or parenteral nutrition
is advised in collaboration with the medical doctor.

After discharge Prior to discharge, a dietary plan for
the first week after discharge is created based on the
participant’s food preferences, nutritional needs (evalu-
ated by the Nordic Nutrition Recommendations [75]
with an optional stress factor), ability to chew (pain in
their mouth, difficulties chewing) and swallow (evaluated
by the EAT-10 score [71, 72] and an occupational ther-
apist), and limitations in grocery shopping, cooking or
eating (evaluated by the Functional Recovery Score
(FRS) [76]). If ONS is a part of the dietary plan after dis-
charge, then the participant is provided with an ONS
prescription, which can be filled at the pharmacy with a
60% price reduction. At discharge, the dietary plan is
provided to both the participant and community-based
dietician.
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Participants are offered 1-h home visits by the
community-based dietician at 1, 2, 4, and 8 weeks after
discharge to evaluate changes in body weight and energy
and protein intake and to adjust the dietary plan if
needed. If a participant is readmitted within 16 weeks of
discharge, they are offered dietary counseling during
rehospitalization.

Occupational therapy—dysphagia Participants with an
EAT-10 score [71, 72] ≥3 at baseline are offered an
evaluation by a hospital-based occupational therapist to
identify the presence of dysphagia. If the participant is
discharged prior to the hospital-based evaluation, then a
community-based occupational therapist performs the
evaluation after discharge.
If the initial evaluation of dysphagia reveals areas for

potential treatment, then an intervention to improve and
secure swallowing safety and efficiency is initiated. Both
the evaluation and treatment are performed according to
the principle of Facial Oral Tract Therapy (F.O.T.T.®)
and follow prespecified algorithms [77]. Any required
modifications to food and beverage consistency are coor-
dinated with the research dietician during hospitalization
and communicated to community-based staff perform-
ing the intervention after discharge. If any additional in-
terventions for dysphagia are still required at the time of

discharge, then the participant is offered home visits by
a community-based occupational therapist as needed for
2 h per week for 16 weeks after discharge. All evaluation
results and treatment plans are communicated to the
community-based occupational therapist upon dis-
charge. The intervention is terminated when an individ-
ualized goal of intervention is reached or after 16 weeks.

Occupational therapy—activities of daily living Par-
ticipants with a FRS [76] ≤2, at baseline, in one or more
of the following categories: grocery shopping, cooking,
or eating (not including dysphagia) are offered an inter-
vention by a community-based occupational therapist
starting within two weeks after discharge.
The choice of intervention is based on the Assessment

of Motor and Process Skills (AMPS) [78], which evalu-
ates the quality of performed activities of daily living
(ADL) according to the degree of physical effort, effi-
ciency, safety, and independence. Following this assess-
ment, an appropriate activity-based intervention is
planned by the occupational therapist in collaboration
with the participant according to the principles of the
Occupational Therapy Intervention Process Model
(OTIPM) [79]. If there is potential to maintain or regain
functional ability, then the participant is offered 1-h
home visits by a community-based occupational

Fig. 3 Overview of interventions offered to participants in the intervention group. Details of the screening procedures and interventional content
can be found in the section “Medication review intervention” and “Multidisciplinary Nutritional intervention”. Abbreviations; Multidisciplinary
(MULTI), Nutritional (NUT), and Medication (MED)
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therapist during the first 16 weeks after discharge for up
to 7 home visits or until the goal of intervention is
reached. In collaboration with the participant, the ther-
apist sets the goal of maintaining or regaining functional
ability in groceries shopping, cooking, and/or eating. If
there is no potential to maintain or regain functional
ability, then the intervention is terminated after the first
home visit.

Physiotherapy Participants who screen positive for low
functional ability (i.e., FRS scores ≤2 in grocery shop-
ping, cooking, or eating) are also evaluated for lower ex-
tremity strength during baseline data collection.
Decreased muscle strength is defines defined as <5 repe-
titions on 30 s sit-to stand test [80, 81] or 5–8 repeti-
tions on 30 s sit-to stand test in combination with a 4-m
gait speed [82] below 0.6 m/s [81]. Participants with de-
creased muscle strength at baseline are re-evaluated at
2–3 weeks after discharge by a community-based
physiotherapist. Participants who still have decreased
muscle strength at this timepoint are offered two weekly
training sessions [83] by a community-based physiother-
apist for 16 weeks after discharge. The training sessions
are approximately 1-h in duration and take place either
in the participants home or at a training facility. The
training is intended to improve the participant’s ability
to maintain independent ADL by combining exercises
for strength, endurance, and balance [84]. The specific
exercises include a progressive sit-to-stand exercise as
reported by Pedersen et al. [85], a static balance exercise,
where the participant pokes for the hands of the physio-
therapist to train the participant’s agility [86] by altering
the base of support for 3 sets of 10–60 s, an up-and-
down-from-floor exercise, a stair climbing exercise till
fatigue or for a maximum of 10 min and a walking exer-
cise, aiming to increase step counts by 10% each week
[87], based on the walking capabilities of the participant.
Participants with unsafe walking abilities will have super-
vised walking for 10 min with the physiotherapist. All
exercises follow prespecified algorithms for training pro-
gression and are adjusted accordingly for each session.
During the intervention, participants are also weighed
once each week by the physiotherapist. If a participant
has > 1 kg weight loss since the first training session,
then training is paused, and a dietician provides dietary
counseling until body weight is stabilized, at which point
training is resumed.

Evaluation of depression and treatment Participants
are screened during baseline data collection for depres-
sion using the Mini Geriatric Depression score [88]. Par-
ticipants with a Mini Geriatric depression score ≥2 are
subsequently screened with the Geriatric Depression
Score-15 (GDS-15) [89]. Participants with a GDS-15 ≥5

are offered evaluation and treatment for depression by a
geriatrician during hospitalization. After discharge, the
geriatrician can follow up on treatment by phone. If the
participant is discharged before evaluation and treatment
by the geriatrician, then they are recommended to see
their GP.

Oral health-related intervention Participants are
screened during baseline data collection for oropharyn-
geal dysfunction. Participants who report oral pain, mas-
ticatory difficulties, and/or xerostomia (Summated
Geriatric Xerostomia Inventory≥8) [90] are offered a
clinical oral evaluation including diagnosis of potential
oral and/or dental disease conditions by a research den-
tist. This evaluation includes an interview on oral symp-
toms and an evaluation of the dental, periodontal and
oral mucosal status, the oral hygiene status, and func-
tional occlusion as well as the function of dentures (par-
tial or full, if present). In case of suspicion of oral
candidiasis, an oral smear is performed, and antifungal
treatment initiated if necessary. Overall, if dental treat-
ment is required, the participant is advised to attend to
their dentist. If the oral hygiene is insufficient and the
participant displays signs of gingivitis and periodontitis
and/or impaired salivary gland function, they are offered
two home visits from a dental hygienist after discharge.
This intervention includes instruction and motivation in
order to improve the oral hygiene and thereby oral
health. Participants with insufficient oral hygiene are
also provided with an electrical toothbrush.

Training of staff performing the interventions
All clinical pharmacists are educated and certified by
The Capital Region Pharmacy, Herlev, Denmark, to per-
form medication reconciliation and medication reviews.
All clinical pharmacists are provided 1 h of instruction
about the intervention by CT, AKB, or the primary in-
vestigator MBH. Additional instruction may be provided
by MBH as needed during the trial.
Both hospital- and community-based dieticians are

provided one hour of instruction about the intervention
by the primary investigators, ALA, or RLN. This instruc-
tion reviews standardized procedures for data collection
and dietary interventions and may be repeated if deemed
necessary. Hospital-based dieticians are also provided
supervised training in dietary interventions by ALA,
RLN, or already trained dieticians until deemed ready to
perform the intervention unsupervised. Additional in-
struction may be provided by ALA or RLN as needed
during the trial.
Both hospital- and community-based occupational

therapists and physiotherapists are provided 1 h of in-
struction about the intervention by primary investigators
ALA or RLN. This instruction reviews standardized

Andersen et al. Trials          (2021) 22:616 Page 9 of 20



procedures for data collection and therapy interventions
and may be repeated on an individual basis upon
request.

Compliance
Participant compliance is defined separately for each
element of the intervention. Compliance to medication
review is defined as having received a medication review
that is evaluated and effectuated by a geriatrician. Com-
pliance with dietary counseling is defined as having
counseling during hospitalization and ≥3 home visits
after discharge. Compliance with physiotherapy is de-
fined as having received ≥75% of training sessions. Com-
pliance with occupational therapy is defined as having
received ≥75% of the home visits for dysphagia and
≥75% of home visits for ADL if deemed relevant by the
occupational therapist. Compliance to evaluation and
treatment of depression is defined as having received an
evaluation by the geriatrician. Compliance with oral
health-related intervention is defined as having received
an evaluation by a dentist and ≥1 home visit by a dental
hygienist if deemed relevant by the dentist.

Adherence
Recruitment, data collection, and interventions are all
performed either in the hospital (during hospitalization)
or in the participant’s home (after discharge). This strat-
egy is performed to maximize patient recruitment, data
collection, and compliance to the intervention while
minimizing participant transportation costs and efforts.
Adherence to the intervention is registered and evalu-
ated but not monitored during the trial.

Outcomes
Trial outcomes as well as timepoints and collection
methods for each outcome are shown in Table 2 and
Fig. 3.

Sample size
The trial has three primary endpoints that build on mu-
tually independent hypotheses [140]. Therefore, sample
size calculations were performed for each endpoint as
described below. All sample size calculations are per-
formed for a significance level of 5%, power of 80%, and
a dropout rate of 25%. Ethical approval was obtained for
the inclusion of 200 participants in total to ensure
enough power for all primary endpoints.

1: Based on a t test, a sample size of 120 is required to
detect a clinical difference of 3 points (SD=5 points
[36]) in MAI score change from baseline to 8 weeks
after discharge between the control group and pooled
intervention group (MED and MULTI-NUT-MED
intervention).

2: Based on a paired t test, a sample size of 62
participants is required to detect a clinically relevant
difference of 4.0 mL/min/1.73m2 (SD=15, a R=0.73
[141]) between mGFR and eGFR based on the
combination of creatinine and cystatin C. GFR is
measured at baseline for all trial participants regardless
of group allocation.
3: Based on a t test, a sample size of 130 participants
with or at risk of malnutrition is required to detect a
clinically relevant difference of 0.15 points [142] (SD=
0.27 [143]) in EuroQol-5D-5L score change from base-
line to 16 weeks after discharge between the control
group and MULTI-NUT-MED intervention group, as-
suming equal allocation in the two groups.

Given that patients are included independently of nu-
trition status and approximately 70% of patients are ex-
pected to have or be at risk of malnutrition [4], a total of
185 participants is required to achieve a sample size of
130 participants with or at risk of malnutrition.

Methods: assignment of interventions
Allocation sequence generation
Participants are randomly allocated to either the inter-
vention group or control group in blocks of 8 and strati-
fied by age (<75 or ≥75 years of age), sex, and
municipality. A random 1:1 sequence of two letters was
generated for each block, with the statistical software R
3.6.0 (R Foundation for Statistical Computing, Vienna,
Austria) using the sampling function. The randomization
sequence was generated by a statistician uninvolved in
the trial, and who was unaware of which letter was
assigned to which group.

Allocation concealment mechanisms and implementation
Allocation concealment is achieved as the person per-
forming patient recruitment and data collection
(blinded) does not have access to the randomization se-
quences and is not involved in the randomization. Per-
sons not involved in recruitment will inform
intervention staff and participants about group alloca-
tion, based upon the randomization sequence. The
randomization is performed immediately after a partici-
pant has consented to participate and is based solely on
stratification-relevant data. The staff performing the in-
terventions (unblinded) are informed immediately after
randomization. Participants are informed after baseline
data has been collected.

Blinding
The nature of the intervention does not allow blinding
of participants or personnel performing the intervention.
However, the outcome assessor is blinded to the result
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Table 2 An overview of all outcomes in the OptiNAM-trial

Variable Instrument Time point

Primary outcomes

Health-related
quality of life

EuroQol-5D-5L is a self-reported questionnaire comprised of 5 questions concerning: mobility, self-
care, usual activities, pain/discomfort and anxiety/depression, and a visual analog scale (VAS-scale).
Each question has 5 response categories, ranging from having no problems to being unable. The re-
sponses are converted into an index value, reflecting the health status compared to the reference of
the general population (norm data) [91, 92]. The VAS-scale ranges health at a scale from 0 (worst
health you can imagine) to 100 (best health you can imagine).

t1, t2, t3, t1y

Medication
appropriateness

Medication Appropriateness Index-score (MAI-score) consists of 10 criteria addressing different aspects
of each prescription, including indication, effectiveness, dose, direction, practical direction, drug–drug
interaction, drug–disease interaction, duplication, duration of therapy, and cost [93]. Each criterion has
operational definitions that instruct the evaluator to rate a medication as (A) appropriate, (B) margin-
ally appropriate, (C) inappropriate, or (Z) do not know [94]. Each of the criteria is assigned a score be-
tween 0 and 3 according to a standardized protocol. Each prescription can obtain a score between 0
and 18 [95], where 0 represents appropriate prescribing and higher scores indicate a greater degree
of inappropriateness.

t1, t2, t3

Kidney function The glomerular filtration rate (GFR) is determined according to the single-injection plasma clearance
method [96, 97]. Radioactivity is measured in multiple venous blood samples obtained between 180
and 300 min after a single intravenous injection of 40 MegaBecquerel 99mTechnetium–diethylenetria-
minepentaacetic acid (99mTc-DTPA) and GFR is calculated from the plasma disappearance curve of
99mTc-DTPA.

tGFR

Confirmative outcomes

Underutilization of
medication

The Assessment Of Underutilization (AOU) index identifies omitted medication prescribing despite
being indicated [98]. The evaluation requires a full medication list as well as a list of established
medical conditions to apply one of three ratings for each condition: (A) no omission, (B) marginal
omission, or (C) omission of an indicated medication without contraindication [94].

t1, t2, t3

Pharmacogenetic DNA material is collected by a buccal swab. The genetic test involves variations in 14 genes and copy
variants responsible for drug transport and metabolism of more than 140 commonly prescribed
medications. The included genes are Cytochrome P450 (CYP) 1A2, 2B6, 2C19, 2C8, 2C9, 2D6, 3A4, 3A5,
Dihydro-pyrimidine Dehydrogenase, Opioid Receptor Mu 1, Solute Carrier Organic Anion Transporter
Family Member 1B1 (SLCO1B1), UDP glucuronosyltransferase family 1 member A1, UDP-
glucuronosyltransferase 2B15, and Vitamin K epOxide Reductase Complex subunit 1 [99]. After gen-
omic data translation, a personalized evidence-based report is generated based on recommendations
from the Food and Drug Administration drug labels, PharmGKB and Clinical Pharmacogenetics Imple-
mentation Consortium guidelines [100, 101]. The Pillcheck software (GeneYouln Inc., Toronto/Ontario,
Canada) is used for the categorization of metabolic status classes linked to evidence-based recom-
mendations for drug prescribing, and for identifying medications that may cause reduced clinical effi-
cacy or significant drug reactions at standard starting doses [26].

t1

Dietary intake Macronutrient intake is assessed based on validated dietary records or 24-h recalls and calculated with
the software VITAKOST (VITAKOST ApS, Kolding, Denmark) [74]. During hospitalization, daily dietary re-
cords are kept by the participant and validated by a dietician (only two days for participants in the
control group). At follow-up visits in weeks 8 and 16, a 3-day dietary record is validated by a dietician
using household measures and photo material [102] to estimate portion sizes. In case of missing diet-
ary records, a 24-recall [73] is performed instead, which also is validated by a dietician using house-
hold measures and photo material [102].

During
hospitalization
, t2, t3

Mobility Maximal hand grip strength is measured with a hand dynamometer (Saehan, Digi-II) in three attempts
[103]. If the last attempt is the peak value, another two attempts are given as described by Bodilsen
et al. [104].
A 30-s chair-stand-test measures the number of full rises from a sitting position in a chair without
support from the arms performed in 30 s [80].
A 4-m walking test measures habitual walking pace (m/s) on a 4-m long track [105].
The De Mortons Mobility Index (DEMMI) measures the ability to perform mobility tasks of increasing
difficulty, from transferring in bed to jumping. DEMMI provides a crude score from 0 to 19, which is
converted to a DEMMI-scale score from 0 to 100, where 100 is the highest level of mobility [106–109].
ActivPAL® is an accelerometer (PAL Technologies Ltd., Glasgow, UK) [110], mounted mid-thigh which
measures time spend lying/sitting, standing, and walking and daily number of steps.

t1, t2, t3
1th week after
discharge, t2, t3

Activity of daily
living

The Functional Recovery Score measures the degree of dependency in 11 different ADL [76]. t1, t2, t3

Well-being The 5-item World Health Organization Well-Being Index measures well-being on a scale from 0 to
100, where 100 is the highest level of well-being [111].

t1, t2, t3

Frailty Fried’s frailty phenotype evaluates frailty on 5 aspects: measured Hand Grip Strenght and walking
pace, self-reported physical activity level, exhaustion, and weight loss [112].
The FRAIL questionnaire [113] includes questions concerning fatigue, capability of stair climbing,

t1, t2, t3

Andersen et al. Trials          (2021) 22:616 Page 11 of 20



Table 2 An overview of all outcomes in the OptiNAM-trial (Continued)

Variable Instrument Time point

walking distance, multi morbidity, and weight loss.
The Frailty Index, FI-Outref [114], is calculated by using the number of admission laboratory test re-
sults being outside the reference interval.

Anthropometry Body weight is measured with or without shoes and in light clothing.
Waist circumference is measured in a standing position after a normal exhalation.
Self-reported height is registered.

t1, t2, t3

Body composition Total and segmented lean body mass and bone mineral content are measured with whole-body
Dual-energy X-ray Absorptiometry (DXA) (GE Lunar Prodigy Primo, GE Healthcare Technologies, Madi-
son, Wisconsin, US). DXA-scan is a clinical standard and validated to assess body composition [115].
Total and segmented body fat, fat-free mass, soft lean mass, bone mineral content, and intra- and
extracellular water are measured using Bioelectrical Impedance Analysis (BIA) performed with InBody
S10 [116]. Standardization, regarding fasting, physical activity, and urination prior to the measurement
are not possible due to the acute setting. Information on these parameters is therefore collected prior
to the measurement.

tGFR
During admission, t1,
t2, t3 and tGFR

Blood pressure and
heart rate

In a sitting, relaxed position blood pressure and heart rate are measured with a Microlife, BP A3L
Comfort, automatic monitor, 3 times in a row on the right upper arm, with a break of 30 s in
between measurements.

t1, t2, t3

Mortality The Danish Register of causes of death [117] is a national registry where the cause of death noted in
the medical evaluation after death is gathered.

t1, t2, t3, t1y

Cognition The trail making test [118] assesses the time it takes the participant to draw a line between 25
consecutive numbers that are scattered randomly on a piece of paper and are recorded.
In the Digit Symbol Modalities test [119], the participant fills in as many as possible digits
corresponding to a symbol in 90 s. The number of correctly filled in digits is recorded.
In Hopkins Verbal Learning Test Revised [120], 12 words are read out loud, and the number of
recalled words are recorded. Further, a list containing the 12 words and other words is read out loud,
and the correctly and incorrectly recognized words are recorded. A delayed recall is of the 12 words
is furthermore performed.
The Mini-Mental State Examination [121] consists of 11 questions and tasks and provides a score be-
tween 0 and 30.
The Orientation-Memory-Concentration test [122] consists of three questions concerning time and
place, two tasks of concentration, and one task on memory.

t2, t3
t2, t3
t2, t3
t2, t3
t1, t2, t3

Depression The Mini-Geriatric Depression Score [88] measures the need for medical evaluation of depression with
5 yes/no questions.

t1, t2, t3

Nutritional risk
status

The Mini Nutritional Assessment- short form [60] is a screening tool, consisting of 6 questions
concerning food intake, weight development, mobility, acute illness, cognition, and BMI. The result
classifies the patient as malnourished, at risk of malnutrition or having normal nutritional status.
The Nutritional Risk Screening-2002 [123] classifies the patient’s risk of malnutrition based upon a pri-
mary and a secondary screening. The primary screening consists of 4 yes/no questions. If one answer
is yes, the secondary screening is performed. The secondary screening evaluates the degree of illness
and malnutrition.
The Eating Validation Scheme [124] is a screening tool that classifies a person as having no risk of
malnutrition, at risk of malnutrition or in need of nutritional intervention based on evaluation of
eating habits, weight development, and risk factors of malnutrition.
The Eating Symptom Questionnaire [125] clarifies if 13 different difficulties (e.g. nausea, dry mouth,
pain) are related to the development of malnutrition.
The Simplified Nutritional Appetite Questionnaire [126] identifies persons with anorexia and risk of
weight loss by asking 4 questions on appetite, fullness, taste, and number of daily meals.
The Global Leadership Initiative on Malnutrition (GLIM) criteria [127] is a consensus-based 2-step ap-
proach for malnutrition diagnosis. The first step is screening for malnutrition and the second step is
the assessment of malnutrition diagnosis and grading of malnutrition severity. Malnutrition is diag-
nosed if at least one phenotypic criterion (non-volitional weight loss, low body mass index, and re-
duced muscle mass) and one etiologic criterion (reduced food intake or assimilation and
inflammation or disease burden) are present.
The European Society of Clinical Nutrition and Metabolism statement [128] is a European consensus-
based set of criteria for the diagnosis of malnutrition. After a positive screening result for malnutrition,
malnutrition is diagnosed based on low body mass index or on unintentional weight loss together
with low BMI or low fat-free mass index

t1, t2, t3

Dysphagia The Eating Assessment Tool-10 (EAT-10) [71, 72] is a 10-question questionnaire which identifies per-
sons with a need for evaluation of dysphagia.

t1, t2, t3

Intestinal
microbiome

All participants at risk of malnutrition or with malnutrition according to the nutritional screening tool
MNA-SF will collect a fecal sample using EasySampler [129]. Samples collected during hospitalization
are frozen as fast as possible at −80°. If collected in the home of the participant, the sample is frozen
as fast as possible in the participants own −18° freezer for maximally 3 days. The samples are

t1, t2, t3
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of the randomization throughout the trial, and all data
analysis is performed blinded.

Methods: data collection, management, and
analysis
Data collection methods
Depending on the outcome, data collection is performed
at baseline (t1), 8 weeks after discharge (t2), 16 weeks
after discharge (t3), 1 year after discharge (t1y), and at
the GFR-measurement (tGFR) (Tables 1 and 2).
Data collection is performed by the same assessor

whenever possible to minimize variation. All assessors
are provided supervised training in data collection by
primary investigator ALA, MBH, RLN, AKB, or HGJL
until deemed ready to perform data collection unsuper-
vised. Data are collected in the ED at baseline and in
each participants’ home during follow-up. If a partici-
pant declines full data collection at follow-up, then they
are offered minimal data collection consisting of blood
samples, body weight, MNA-SF, EuroQol-5D-5L, blood
pressure, heart rate, hand grip strength, and body com-
position with BIA. If the participant declines minimal
data collection, then they are offered to complete any
components of data collection that can be performed by
telephone interview. A full medication list for each par-
ticipant is recorded at every follow-up visit, and the pa-
tient’s diagnosis codes and laboratory tests are accessed
in the patient chart and stored for future MAI and AOU
scores assessment. A full medication list for each partici-
pant is recorded at every follow-up visit, and the pa-
tient’s diagnosis codes and laboratory tests are accessed
in the patient chart and stored for future calculation of

MAI and AOU scores. A self-reported medication list is
obtained by a senior pharmacist through interviewing
the participant, and this list is cross-referenced with the
Shared Medication Card. If there are any discrepancies
between medications reported by the patient and those
found in the Shared Medication Card, then the senior
pharmacist confirms the medications by contacting the
participant’s relatives, home care personnel, or GP.
Registry data (see Table 2) are obtained retrospectively.

Data management
Procedures for data entry, coding, security, and storage
have been approved by the Danish Data Protection
Agency (VD-2018-390). Whenever possible, data are en-
tered directly into REDCap (Research Electronic Data
Capture, Vanderbilt University, Nashville, USA). If data
are collected on paper case report forms, then a double
entry in REDCap is performed. Data analysis will be per-
formed in SAS Enterprise Guide version 9.4 M5 (SAS
Institute Inc., Gary, NC, USA) and R, Version 3.6.1 (R
Foundation for Statistical Computing, Vienna, Austria).

Statistical methods
Primary outcomes
Differences in MAI score, change from baseline to 8
weeks after discharge between the control group and
pooled intervention group (MED and MULTI-NUT-
MED intervention), will be evaluated by analysis of co-
variance (ANCOVA). The primary analysis will model
the randomization group and baseline MAI-score as in-
dependent variables by the intention-to-treat principle.
Additional analyses will be adjusted for potential

Table 2 An overview of all outcomes in the OptiNAM-trial (Continued)

Variable Instrument Time point

transferred in a cooler bag with freezer elements to the −80° freezer (Biobank). At the time of collec-
tion, the participant reports where the sample belongs on the Bristol Stool Scale [130] and their use
of antibiotics.

Blood samples Blood samples are analyzed for: Alanine aminotransferase, albumin, basic phosphatase, bilirubin,
carbon dioxide, C-reactive protein, hemoglobin, coagulation factors II, VII, and X International Normal-
ized Ratio, potassium, urea, coagulation factors, leukocytes, neutrophils, mean corpuscular hemoglobin
concentration, mean cell volume, sodium, platelets, lactate dehydrogenase, neutrophil gelatinase-
associated lipocalin, BTP and B2M, soluble urokinase plasminogen activator receptor, cholesterols, tri-
glycerides, blood sugar, glycated hemoglobin, insulin, markers of the effect, and plasma levels of
medication. Calculation of eGFR will be based on the Chronic Kidney Disease Epidemiology Collabor-
ation [131–133], Berlin Initiative Study [132], Full Age Spectrum [42, 134, 135], Lund-Malmö revised
[136], the Caucasian and Asian pediatric and adult subjects [137], Modification of Diet in Renal Disease
[138], and Cockcroft-Gault [42] equations based on creatinine, cystatin C, B2M or BTP, or a combin-
ation of the markers.

t1, t2, t3, tGFR

Health economics Use of health care services will be collected from the following registries: National Patient Registry,
National Health Insurance Registry, The Danish National Prescription Registry [139], and local
databases in the municipalities.

t1- t3 and t1-t1y

Descriptive
variables

Participant characteristics are based on participant self-report or obtained from the medical journal
and include sex, age, civil status, living conditions, education, smoking status, alcohol consumption,
physical activity level, use of home- and health care, early warning score and diagnoses.

t1

Timepoint for: baseline: t1, follow-up 8 weeks after discharge: t2, follow-up 16 weeks after discharge: t3, follow-up by telephone 1 year after discharge: t1y,
assessment of glomerular filtration rate (GFR): tGFR
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confounders that are unequally distributed between
groups despite randomization. Missing data on the pri-
mary end point will be accounted for by multiple impu-
tations using the PROC MI procedure with fully
conditional specification (FCS) and a minimum of 100
imputations. Imputation will use earlier measurements
of the imputed outcome, number of medications, and
randomization group, along with age and sex for predic-
tion models.
Differences between mGFR and eGFR based on both

the combination of creatinine and cystatin C will be
evaluated by mixed linear regression analysis.
The difference in EuroQol-5D-5L score change from

baseline to 16 weeks after discharge between the control
group and MULTI-NUT-MED intervention group will
be evaluated by ANCOVA. The primary analysis will
model randomization group and baseline EuroQol-5D-
5L as independent variables with either intention-to-
treat analysis or per-protocol analysis, where participants
are considered compliant if they received and were com-
pliant to at least one intervention if one was recom-
mended, two if two were recommended, two if three
were recommended, three if four were recommended,
and four if five or six were recommended. Additional
analyses will be adjusted for potential confounders that
are unequally distributed between groups despite
randomization. Missing data on the primary endpoint
will be accounted for by multiple imputations using the
PROC MI procedure with fully conditional specification
(FCS) and a minimum of 100 imputations. Imputation
will use earlier measurements of the imputed outcome
along with age, sex, and diagnosis codes for prediction
models.

Secondary outcomes
The difference in health care costs between the control
group and MULTI-NUT-MED intervention group will
be evaluated in two stages. In the first stage, the share of
participants having zero costs is compared by t test or
similar. In the second stage, the magnitude of strictly
positive health care costs is compared by generalized lin-
ear models [144]. Quality-adjusted life-years (QALYs)
will be computed based on survival, EuroQol-5D-5L data
collection, and Danish preference weights [145]. Incre-
mental cost-effectiveness ratio (ICER) will be computed
by dividing the difference in development in health care
costs from inclusion to 52 weeks after inclusion between
groups with the difference in change in QALYs between
groups. The ICERs will be bootstrapped and reported
with confidence limits from the bootstrapping, in scatter
plots, and in cost-effectiveness acceptability curves.
The difference in AOU score change from baseline to

8 weeks after discharge between the control group and
pooled intervention group (MED or MULTI-NUT-MED

intervention) will be evaluated similarly to the difference
in MAI score change.
DNA sequencing of fecal bacteria will be mapped to

an integrated catalog of reference genes of the human
gut microbiome in order to generate an operational
taxonomic unit. Microbial species and gene diversity
(the gut microbiome composition) will be calculated
with the Shannon index. Differences in the Shannon
index between the control group and intervention group
will be evaluated by ANCOVA adjusted for baseline
values. Gut microbiome diversity will be evaluated by
descriptive analyses in relation to dietary components
and nutritional status evaluated by MNA-SF and Global
Leadership Initiative on Malnutrition (GLIM) criteria.
GLIM criteria will be validated against in-depth nutri-

tional assessments performed independently by two
blinded and trained nutritional experts (semi-gold stand-
ard). The nutritional assessment will include factors re-
lated to nutritional status, e.g., dietary intake, factors
impeding nutritional intake, appetite, and disease history
including LOS and readmissions, body composition,
weight history, biochemistry, and physical and psycho-
logical wellbeing. The prevalence of malnutrition will be
evaluated with descriptive analyses based on specific
combinations of phenotypic and etiologic indicators in
the GLIM criteria. Finally, statistical agreement analysis
between the three malnutrition classifications (MNA-SF,
ESPEN, and GLIM) will be evaluated by agreement ana-
lysis at admission and up to 16 weeks after discharge.
Based on in-depth nutritional assessments, participants
only meeting one or two malnutrition classifications will
be compared to participants meeting all three malnutri-
tion classifications.
The association between non-GFR determinants and

differences between mGFR and eGFR will be evaluated
by linear regression analysis. Overall agreement between
chronic kidney disease classification based on mGFR
and eGFR will be evaluated by Kappa statistics. Results
of pharmacogenetic testing including frequency of gene
variations and medication interventions based on these
variations will be evaluated by descriptive statistics.
Prevalence of frailty will be calculated at baseline and

follow-up using three different screening tools (FRAIL,
Fried’s frailty phenotype, and FI-OutRef). The effect of
the intervention on change in frailty between the base-
line and follow-up will be evaluated by mixed models
with frailty as the dependent variable and a random ef-
fect on participant number, to account for multiple mea-
surements from the same participant. The effect will be
measured as an interaction of group and time. Depend-
ing on the goodness of fit it may be necessary to
categorize frailty. Overall agreement between frailty clas-
sification based on the different screening tools will be
evaluated by Kappa statistics and mixed models. If the
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intervention is determined to have a significant effect on
frailty, then the agreement between frailty classifications
will only be performed using baseline data.
All additional confirmative outcomes will be evaluated

by t test, Kruskal-Wallis test, chi-square test, two pro-
portions z test, or Friedman’s analysis of variance de-
pending on the distribution of the relevant variable. The
analysis will be adjusted for multiple testing. Associa-
tions between variables will be evaluated by adjusted
multiple regression models, and repeated measurements
will be evaluated by mixed models of paired t tests or
Fisher’s exact test. Missing data on secondary endpoints
will be accounted for with multiple imputations as previ-
ously described.

Data monitoring, harms, and auditing
The trial is regarded as low-risk and designed by a highly
experienced multidisciplinary research team. Interven-
tions are based on well-established recommendations
why no adverse events are expected. Therefore, estab-
lishing a data monitoring committee was considered un-
necessary and no interim analyses will be performed.
However, all adverse event will be registered, and appro-
priate actions will be taken for all participants regardless
of group allocation. Participant and persons responsible
for data collection are instructed to contact the partici-
pant’s GP or study geriatrician if symptoms or condi-
tions arise that may be related to the MED intervention
or severely inappropriate medications. Participants are
encouraged to raise trial related questions to trial staff
and to report all events related to the trial. A physician
will evaluate any abnormal blood test results collected
for the trial. Participants receiving physiotherapy are
monitored for unintentional weight loss. Missing or in-
accurate data will be audited daily by trial staff, and the
research team will have bimonthly progress meetings to
confirm progress and ensure scientific quality.

Discussion
The trial has several strengths and limitations. The
major strength of the trial is its randomized controlled
study design. The control group allows identification of
possible effects of the intervention that are beyond a pa-
tients’ normal capacity to recover, which is known to be
high in acutely admitted older patients [146]. Another
strength of the trial is that the intervention is performed
in the same setting where it is designed to be imple-
mented. A third strength of the trial is the use of 99mTc-
DTPA plasma clearance for determining mGFR, which
is accepted as the gold standard in clinical settings.
However, many equations to estimated GFR are devel-
oped using Inulin (plasma or urinary) clearance as a ref-
erence. Quality of life has a broad definition, and many
tools to measure different aspects of quality of life exist.

The strength in using EuroQol-5D-5L is that it com-
prises both the physical and mental aspects of the qual-
ity of life and is widely used in nutrition research and
that it can be used in health economic evaluations.
A limitation to the trial design is the lack of double-

blinding, which may introduce performance bias. How-
ever, double-blinding is not possible due to the nature of
the intervention. Another limitation is the discrepancy
in staff attention required for the control group and
intervention group. Participants receiving the MULTI-
NUT-MED intervention, for example, will likely require
more interpersonal interaction, which may bias the re-
sults of the trial. A third limitation is that several com-
ponents of the MULTI-NUT-MED intervention are
based primarily on self-reported questionnaires, which
most likely leads to the underutilization of the
intervention.
In conclusion, this trial will provide new information

on strategies for optimizing treatment of inappropriate
medication prescribing and malnutrition and provide
new knowledge regarding the accuracy of eGFR among
older medical patients admitted to the ED.
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