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Executive Summary

The proposed health technology assessment (HTA) will evaluate oral magnesium supplements
of ATC (Anatomical Therapeutic Chemical) category A12CC listed on the Swiss Spezialitatenliste
that are currently reimbursed for a broad range of indications in Switzerland without limitation. To
understand the current role and relevance of oral magnesium for the licensed indications in Swiss
clinical practice, Swiss clinical experts and relevant clinical practice guidelines (CPGs) were
consulted as part of the protocol development and both sources formed the basis for the
refinement of the PICO criteria. Consequently, the proposed HTA will separately evaluate the
safety, efficacy/effectiveness and budget impact of oral magnesium compared to placebo, no
treatment, or standard of care in patients aged =4 years with muscle or leg cramps and without
proven hypomagnesaemia, and in patients aged =4 years with prior calcium oxalate urolithiasis
for secondary prevention of stone recurrence and without proven hypomagnesaemia. Ethical,

legal, social and organisational issues associated with oral magnesium will also be investigated.

A systematic literature search of 4 databases (MEDLINE [Ovid], Embase [Ovid], Cochrane
Library, INAHTA database) will be conducted. Randomised controlled trials (RCTs) and non-
randomised studies of interventions (NRSIs) that address the research questions will be
considered. Included studies will be evaluated for risk of bias using study design-specific tools.
The overall quality of the evidence will be appraised using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach. For each population, if =2
comparative studies (with the same comparator and study design) report an outcome of interest,
a pairwise random-effects meta-analysis will be performed using an inverse-variance model.
Where outcomes cannot be meta-analysed, results will be tabulated and described narratively.
Searches will also be conducted in ClinicalTrials.gov and the EU Clinical Trials Register to identify

ongoing clinical trials related to magnesium supplementation within the eligible populations.

A budget impact analysis will be conducted. The analysis will project costs in Swiss francs (CHF)
to the payer over the next 5 years using selected current and possible future policy and pricing

scenarios.

Ethical, legal, social and organisational issues will be addressed through systematic and targeted

literature searches. The findings will be summarised narratively.
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Abbreviations and acronyms

AE adverse event

ATC Anatomical Therapeutic Chemical

CHF Swiss franc

Cl confidence interval

CPG clinical practice guideline

CT computed tomography

EAE effectiveness, appropriateness and economic efficiency
EQ-5D EuroQol 5-dimension questionnaire

EUnetHTA European Network for Health Technology Assessment
FOPH Federal Office of Public Health

GP general practitioner

GRADE Grading of Recommendations, Assessment, Development and Evaluations
HRQoL health-related quality of life

HTA health technology assessment

ICD-11 International Classification of Diseases 11th Revision
INAHTA International Network of Agencies for Health Technology Assessment
ITT intention to treat

v intravenous

MCID minimum clinically important difference

MD mean difference

NA not applicable

NICE National Institute for Health and Care Excellence

NRSI non-randomised study of interventions

NSAID non-steroidal anti-inflammatory drug

OR odds ratio
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PICO population, intervention, comparator, outcome

PP per protocol

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analysis
RCT randomised controlled trial

ROB 2.0 Cochrane Risk of Bias 2.0

ROBINS-I Cochrane Risk of Bias in Non-randomised Studies of Interventions
RR risk ratio

SD standard deviation

SMD standardised mean difference

WHO World Health Organization
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Objective of the HTA Protocol

Based on a preliminary screening of the literature, the objective of the health technology
assessment (HTA) protocol is to formulate the HTA key questions; to define the population,
intervention, comparator and outcomes (PICO); and to describe the methodology to conduct a
systematic literature search and extract, analyse and synthesise the data in the HTA report on the
topic. Key questions are defined, addressing the main HTA domains (efficacy/effectiveness/safety;

costs/budget impact; ethical/legal/social and organisational issues).
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1 Policy question and context

The HTA topic entails a policy question that will be informed by addressing HTA research questions
(Chapter 5). In healthcare, a policy question is a request to regulate a reimbursement policy. It is
aimed at securing financing of health technologies. Such a request, related to a particular health
technology, typically addresses uncertainty around a technology. This HTA report will address the
following policy question: Should oral magnesium supplements (magnesium salts) continue to be

reimbursed for patients without proven hypomagnesaemia, and if so for which indications?

Oral magnesium supplements are currently reimbursed for a broad range of indications in
Switzerland without limitation; however, the clinical effectiveness of these magnesium salts in
patients without proven hypomagnesaemia has been questioned.'* Potentially relevant, licensed
indications for oral magnesium that are of interest for this HTA are cardiovascular tachyarrhythmia,
coronary heart disease, (pre-) eclampsia, tocolysis, tetanic syndrome, neuromuscular
hyperexcitability, muscle cramps and prevention of recurrent calcium oxalate urolithiasis (a full list
of licensed indications is reported in Appendix 11.2). While magnesium is licensed for a variety of
conditions, the scope of the proposed HTA has been refined via clinical expert consultation (and
with consideration to relevant clinical practice guidelines [CPGs]) to focus on the most relevant
conditions of calcium oxalate urolithiasis® and muscle cramps.?* (For a more detailed explanation
of the refinement process refer to Chapter 2.1). To inform the policy question, the HTA report will
evaluate the evidence pertaining to the effectiveness, appropriateness and economic efficiency
(EAE) (specifically relating to budget impact) of oral magnesium for muscle cramps and calcium
oxalate urolithiasis. Cost-effectiveness outcomes are specifically out of scope for this proposed
HTA.
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2 Medical background

2.1 Medical context of eligible indications

Magnesium is an essential electrolyte. Its primary function is to act as a co-factor in enzyme
systems that regulate biochemical reactions, including protein synthesis, muscle and nerve
function, blood glucose control and blood pressure regulation.® It is required for energy production,
oxidative phosphorylation and glycolysis.® Magnesium also plays a role in the active transport of
calcium and potassium ions across cell membranes, which is important to enable nerve impulse
conduction, muscle contraction and cardiac rhythm.” Thus, magnesium may be involved in many

disease processes.

Magnesium is licensed for a variety of conditions in Switzerland, including but not limited to
hypomagnesaemia, insufficient intake due to a low-magnesium diet, restless leg syndrome, (pre-)
eclampsia, muscle cramps and calcium oxalate urolithiasis (see Appendix 11.2 for a list of
indications for magnesium supplements licensed in Switzerland). To make the scope feasible for
an HTA, the list of licensed Swissmedic indications was refined during development of the protocol.
Indications for which it is clear that patients should be prescribed magnesium have been excluded
(e.g. known hypomagnesaemia, or conditions or prescribed medications that predispose patients
to hypomagnesaemia).® Primary prevention with oral magnesium (aiming to prevent a disorder
before it occurs) does not fall within the remit of this HTA, therefore primary prevention of muscle
cramps or calcium oxalate urolithiasis will not be investigated in this HTA. Relevance for the Swiss
context of the remaining licensed indications was determined in the planning phase of the protocol
through consultation with Swiss clinical experts and with consideration to relevant CPGs (see
Appendix 11.3 and Appendix 11.4 for an overview of the recommended use of oral magnesium
in the licensed indications per CPGs and Swiss clinical expert consultation).>? As a result, the
indications included as the focus of this HTA are muscle cramps and calcium oxalate urolithiasis
(kidney stones). The remaining indications have been excluded (see Appendix 11.4 for reasons

for exclusion).

2.2 Calcium oxalate urolithiasis

Calcium oxalate urolithiasis, colloquially known as calcium oxalate kidney stones, are solid
crystalline masses that form throughout the urinary tract.® Calcium oxalate urolithiasis formation is
a complicated process with various contributing factors, the most significant being urinary solute
supersaturation.® Supersaturation is a state where the solute in a solution is greater than its
solubility, leading to accumulation of solutes, which then form solid crystalline masses.® While
supersaturation is necessary, it is not the sole cause of calcium oxalate urolithiasis development.
Various factors can contribute to supersaturation, such as urine volume, urine pH, diet, genetics,
and the presence or absence of minerals such as citrate, pyrophosphate and magnesium, which

can act as inhibitors for crystal formation and also contribute to the development of calcium oxalate
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urolithiasis.® Urine pH, for example, can modify the solubility of the solutes, which can impact the

formation of calcium oxalate urolithiasis.®

While Switzerland-specific incidence and prevalence rates for urolithiasis are unknown,
approximately 15% of the global population will develop calcium oxalate urolithiasis during their
lifetime.'®* The most common form of urolithiasis is masses composed of calcium oxalate,
accounting for approximately 64% of all urolithiases.?? Lifetime recurrence of urolithiasis is

approximately 50%.13

Symptoms and costs associated with calcium oxalate stones can be significant. Primary symptoms
of urolithiasis include pain in the kidney, renal colic, and blood in the urine. Renal colic can be
complicated by kidney infection, sepsis, and fornix rupture.® Treatment of urolithiasis and its
associated symptoms imposes a large economic burden globally, with expenses increasing over
time.'* While Swiss-specific data are unavailable, in the United States (US) the annual estimated
financial burden (direct and indirect costs) was US$5.3 billion in 2005.%° In the United Kingdom
(UK), it was estimated that total initial (1-year) costs were between £950,842 and £2,336,442 in
2010.16

Regarding acute clinical management of renal colic, smaller urolithiases can often be diagnosed
and conservatively managed by a general practitioner (GP), whereas patients with larger
symptomatic stones or signs of infection should be referred to the emergency department and may
need to be managed as an inpatient.® In cases where the stones are smaller, it may be possible to
pass them naturally without medical intervention; however, in more severe cases, clinical
interventions may be needed to remove the urolithiasis, including double J catheter insertion, shock

wave lithotripsy, cystoscopy, ureteroscopy or percutaneous nephrolithotomy.1”

Secondary prevention of recurrent stones differs based on the stone composition but generally
involves dietary and lifestyle changes including increasing fluid intake and diet modification, and
pharmacological interventions including thiazide diuretics and citrate salts.**” Various laboratory
and imaging tests may be performed to diagnose the presence and type of urolithiasis, the most
common being blood tests, stone composition analysis and 24-hour urinalysis to check mineral

levels in the blood and urine, in addition to computed tomography (CT) scans and/or ultrasound.*1#
20

2.3 Muscle cramps

Muscle cramps are sudden, involuntary painful contractions of a muscle, which are self-
extinguishing within seconds to minutes and often accompanied by a palpable knotting of the
muscle.?! The terms cramp and spasm are often used interchangeably; however, they represent
different underlying pathophysiological processes.?! Muscle spasm is a broader term, referring to
any involuntary and abnormal muscle contraction, regardless of whether it is painful.?-2® Muscle
spasms typically involve prolonged co-contractions of more than one muscles, producing slow,

twisting, and repetitive movements or abnormal postures that are not relieved by muscle
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stretching.?! In contrast, cramps have a distinct clinical presentation, characterised by: (a) intense
pain that may cause lingering soreness or elevated levels of muscle proteins in the blood; (b) a
sudden, involuntary onset with gradual spontaneous resolution or abrupt relief through stretching;
(c) involvement of only a single muscle or part of a muscle; (d) both mild and forceful contractions,
often occurring when the muscle is shortened; and (e) a tendency to affect the calves and feet most

frequently, followed by the hamstrings and quadriceps.?!

Self-limiting muscle cramps are common, with the incidence per year estimated at 36% in otherwise
healthy adults, as reported in an epidemiological survey conducted in the Netherlands in 1988.%4
Pregnant women frequently experience muscle cramps, particularly leg cramps during the third
trimester, with data showing that the prevalence of leg cramps in pregnant women was 55% in a
prospective clinical trial conducted in Iran in 2009.25 Additionally, populations including the elderly
and athletes have been found to have an increased likelihood of muscle cramps.?%27 Adults older
than 60 years of age in primary care, reported the prevalence of nocturnal leg cramps to be 46%

in a cross-sectional study conducted in France in 2011-2012.28

The specific aetiology of muscle cramps unassociated with an underlying medical condition is
unknown and context-dependent.?® Conditions associated with muscle cramps include, but are not
limited to, neuromuscular disorders, metabolic disorders such as hypothyroidism, adrenal
insufficiency, hypoparathyroidism, electrolyte imbalances, malnutrition, alcoholism and liver
cirrhosis.? There are many types of cramps, including, but not limited to, idiopathic cramps of
unknown cause (e.g. nocturnal leg cramps), pregnancy-associated cramps and exercise-

associated muscle cramps.?®

Muscle cramps are most commonly diagnosed in the primary care setting via a clinical history
based on symptoms and blood tests (Table 1).23° Treatment depends on whether an underlying

condition is present, in which case the focus should be on treating the underlying cause.?

While treatment options may be specific to the type of cramps or underlying condition, some
general treatment strategies may be recommended, comprising pharmacological and non-
pharmacological interventions. Non-pharmacological interventions include stretching, massage,
cryotherapy/thermotherapy, hydration and ensuring electrolyte levels are balanced.?
Pharmacological treatments include magnesium supplements, benzodiazepines and pain relievers

such as non-steroidal anti-inflammatory drugs (NSAIDs).?:3!

Table 1 Basic laboratory blood tests for diagnosis and management of muscle cramps

Basic diagnostic tests
Blood count, electrolytes (Na, K, Mg, Ca), blood sugar, creatinine, GFR, urea, CK, GOT, TSH

Abbreviations: Na = sodium; K = potassium; Mg = magnesium; Ca = calcium; GFR = glomerular filtration rate; CK = creatine
kinase; GOT = glutamic-oxaloacetic transaminase; TSH = thyroid-stimulating hormone.
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3 Technology

3.1 Technology description

Magnesium supplements come in various compounds, including magnesium aspartate,
magnesium oxide, magnesium sulphate and magnesium citrate. The key difference between
compounds relates to the level of bioavailability, or how easily the magnesium can be absorbed,
and their tolerability. Magnesium aspartate and magnesium citrate are generally well-tolerated,
have similar levels of bioavailability and are absorbed more easily than magnesium oxide; however,
they have lower amounts of elemental magnesium.®? In comparison, magnesium oxide and
magnesium sulphate have poor tolerability at high doses, and have lower bioavailability but higher

levels of elemental magnesium.32:33

The proposed HTA will evaluate oral magnesium preparations of ATC (Anatomical Therapeutic
Chemical) category A12CC listed on the Swiss Spezialitatenliste. Nine oral magnesium

supplements are currently reimbursed in Switzerland:

e Magnesiocard® (Biomed AG) — magnesium aspartate

Magnesium Sandoz® (Sandoz Pharma AG) — magnesium aspartate and citrate
¢ Mg5-Granoral® (OM Pharma Suisse SA) — magnesium aspartate

e Mg5-Longoral® (OM Pharma Suisse SA) — magnesium aspartate

e Mg5-Oraleff® (OM Pharma Suisse SA) — magnesium aspartate

e Magnesium-Diasporal® Citracaps (Doetsch Grether AG) — magnesium citrate

e Magnesium-Diasporal® Granulat (Doetsch Grether AG) — magnesium citrate

e AndreaMag® (Andreabal AG) — magnesium oxide

e Solmag 300® (Nutrimed AG) — magnesium oxide

3.2 Mechanism of action

3.2.1 Calcium oxalate urolithiasis

Magnesium is understood to inhibit the formation of calcium oxalate stones primarily by competing
with calcium for oxalate binding—reducing the concentration of oxalate available for calcium stone
formation, and reducing the interaction of calcium ion and oxalate ion pair interactions.3436
Additionally, the citrate component in magnesium citrate compounds can alkalinise urinary pH,
making the environment less favourable for crystal formation and resulting in a decreased likelihood
of calcium oxalate stone formation.3” Citrate salts (regardless of formulation) compete with oxalate
for the availability of urinary calcium for bonding with oxalate (insoluble) and eliminating calcium in
a citrate salt, which is highly soluble.3® Despite evidence from in vitro, animal and simulation studies

demonstrating the inhibitory action of magnesium on calcium oxalate stone formation, the clinical

HTA Protocol | Magnesium Supplementation 5



role of magnesium compounds is a matter of ongoing debate owing to conflicting results from
clinical trials.3®

3.2.2 Muscle cramps

The exact mechanism of action of magnesium on reducing the severity and frequency of muscle
cramps is unclear and likely specific to the underlying medical condition (if one exists). One
proposed mechanism of action is that the threshold of axon stimulation is decreased and nerve
conduction velocity increased in cases where magnesium levels are depleted, leading to increased
excitability of nerves and muscles.* Magnesium depletion may result in neuronal excitability and
increased neuromuscular transmission.* Magnesium supplementation may promote glucose
uptake and prevent the accumulation of lactate in skeletal muscle, thus potentially leading to a

reduction in pain after contraction of a muscle.*
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4 Population, intervention, comparator, outcome

The PICO criteria are defined as follows:

Calcium oxalate urolithiasis

P: . . . . o .
Patients aged 24 years with prior calcium oxalate urolithiasis for secondary prevention of
stone recurrence and without proven hypomagnesaemia

K Oral magnesium supplements (as listed on Spezialitatenliste)*

— magnesium citrate
— magnesium oxide

C: Placebo, no treatment, or standard of care (e.g. clear fluid intake, diet modification,
potassium citrate salts, thiazide)

O: Patient relevant outcomes:

— stone recurrence (symptomatic or radiological)
— stone size

— AEs (e.g. gastrointestinal)

— compliance/adherence

— HRQoL

Economic outcomes:

— cost, budget impact

Abbreviations: AEs = adverse events; HRQoL= health-related quality of life.
Note: * All magnesium supplements listed on the Spezialititenliste are classed as magnesium salts.
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Muscle cramps

P: . . . .
Patients aged 24 years with muscle or leg cramps and without proven hypomagnesaemia
K Oral magnesium supplements (as listed on Spezialitatenliste)*
— magnesium aspartate
— magnesium citrate
— magnesium oxide
C: Placebo, no treatment, or standard of care (e.g. stretching, benzodiazepines, use of pain
relievers, hydration, massage, or cryotherapy/thermotherapy)
O: Patient relevant outcomes:

— muscle cramp frequency
— muscle cramp severity

— muscle cramp duration
— AEs

— compliance/adherence
— HRQoL

Economic outcomes:

— cost, budget impact

Abbreviations: AEs = adverse events; HRQoL = health-related quality of life.
Note: * All magnesium supplements listed on the Spezialitatenliste are classed as magnesium salts

4.1 Population

4.1.1 Calcium oxalate urolithiasis

The first population of interest to this HTA (population 1) includes patients aged =4 years with prior
calcium oxalate urolithiasis for secondary prevention of stone recurrence and without proven
hypomagnesaemia. It is important to note that in Switzerland, magnesium is only licensed to be
prescribed to prevent the recurrence of urolithiasis (i.e. secondary prevention). Therefore, the use
of magnesium to treat urolithiasis during an event is not licensed, along with the treatment of

patients with residual calcium oxalate stones.

Notably, the definitions of hypomagnesemia that are used to exclude patients in the primary
evidence will be taken into consideration during the HTA phase. Meaning, if a study says it has
excluded patients with hypomagnesemia, this will be taken at face value. Where possible (if
reported), the magnesium status of included patients will be documented and discussed. The
external validity and transferability of these definitions to Switzerland will be assessed in the full
HTA.
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4.1.2 Muscle cramps

The second population of interest to this HTA (population 2) includes patients aged 24 years with
muscle or leg cramps and without proven hypomagnesaemia. Cramps will be differentiated from
spasms where possible, according to the definitions provided in Section 2.3. Where study authors
have not differentiated between cramps and spasms, inclusion will be based on the definition of
cramp provided by the study authors.

As aforementioned, the definitions of hypomagnesemia that are used to exclude patients in the
primary evidence will be taken into consideration during the HTA phase. Meaning, if a study says
it has excluded patients with hypomagnesemia, this will be taken at face value. Where possible (if
reported), the magnesium status of included patients will be documented and discussed. The
external validity and transferability of these definitions to Switzerland will be assessed in the full
HTA.

4.2 Intervention

The intervention of interest to this HTA is oral magnesium. Based on the licensed indications of the
reimbursed oral magnesium supplements (Table 10), magnesium citrate and magnesium oxide will
be considered relevant for calcium oxalate urolithiasis, whereas magnesium aspartate, magnesium

citrate and magnesium oxide will be considered relevant for muscle cramps.

Oral magnesium supplements of any brand and duration of treatment will be considered relevant
to this HTA, to ensure that the full range of available evidence is captured. Dose will be guided by

the standard dose of the magnesium supplements listed on Swissmedic (Table 10).

Any differences in these magnesium supplements to those listed on the Swiss Spezialitatenliste
will be discussed in the ‘Applicability of evidence to the Swiss clinical practice’ section of the full
HTA.

As per the prescription and application information on Swissmedic, oral magnesium
supplementation is not recommended for children under the age of 4 years. Therefore, as part of

the eligibility criteria for this HTA, participants must be aged =4 years to be considered for inclusion.
4.3 Comparator

4.3.1 Calcium oxalate urolithiasis

First-line prevention of urolithiasis, regardless of composition, is dietary and lifestyle changes
including increasing clear fluid (excluding sugar-sweetened beverages) intake to 2.5-3 L per day
and consuming a balanced diet.* More specific recommendations for prevention of calcium oxalate
stones include adequate calcium intake and limiting oxalate-rich foods (e.g. spinach, beets,
nuts).>3° Second-line prevention methods other than magnesium supplementation may include the
use of other citrate salts (i.e. potassium or sodium instead of, or in combination with, magnesium)

that have an alkalinising effect.® Per clinical expert advice, potassium salts (e.g. Urocit®) are
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generally preferable, as they have a greater alkalinising effect than magnesium or sodium citrate
salts.*® Thiazide diuretics (e.g. Esidrex®) are another commonly used option, which work by
assisting with the reabsorption of calcium in the kidneys, thereby reducing urinary calcium excretion
and decreasing the risk of calcium crystal formation.** Magnesium is also sometimes provided as
an adjuvant therapy to thiazides, as the latter can reduce the amount of available magnesium
meaning patients may require supplementation.*%#! In addition to the above comparators, placebo
and no treatment are also relevant comparators for this protocol. Advice from a local clinical expert
suggests that citrate salts (particularly potassium citrate) is the most relevant comparator for Swiss

clinical practice.*°

4.3.2 Muscle cramps

In addition to magnesium, CPGs recommend static stretching as an alternative or adjuvant
treatment of cramped muscles.? Quinine sulphate is a historical treatment that was moderately
effective in reducing muscle cramps; however, it was taken off the market in Switzerland after an
alert by the US Food and Drug Administration in 2006 due to risk of serious adverse events (AES).*?
For this reason, it will not be considered as a relevant comparator in the proposed HTA. While other
pharmacological and non-pharmacological treatments such as benzodiazepines (e.g. diazepam),
use of pain relievers (e.g. paracetamol, NSAIDs), hydration, massage and,
cryotherapy/thermotherapy have been suggested as potential treatment options, they are not well
supported by evidence in the guidelines.>3! In addition to the above comparators, placebo and no
treatment are also relevant comparators for this protocol. Along with the potential comparators
identified via CPGs, advice from a local clinical expert suggests that static stretching is the most

relevant comparator for Swiss clinical practice.*3
4.4 Outcomes

4.4.1 Calcium oxalate urolithiasis

4.4.1.1 Stonerecurrence rate

Due to magnesium’s proposed mechanism of action, which aims to inhibit the formation of calcium
oxalate stones, stone recurrence (i.e. formation of new stones) is the primary outcome of interest
for this indication. The stone recurrence rate may be presented as the percentage of participants
who develop a new stone over a defined time period, demonstrated via medical imaging (e.g.
abdominal radiography, intravenous urography, CT), or the number of new stones per patient per

defined time period.**

4.4.1.2 Stonesize

Smaller uroliths are easier to pass and may not require medical intervention, whereas stones larger
than 7 mm will likely be unable to pass without medical intervention.*® In cases of stone recurrence,
even if magnesium cannot prevent the development of a new stone, it may prevent the

development of large stones or prevent pre-existing stones from getting larger. Therefore, stone
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size is an outcome of interest, as assessed via medical imaging (e.g. abdominal radiography,
intravenous urography, renal ultrasound, CT).®® Along with stone size, reported medical

interventions required to remove/break-down stones will also be described.

4.4.1.3 Adverse events

AEs are any negative events that occur during treatment, so AEs are important for assessing
treatment safety.*® They can be reported in various ways, most commonly as the proportion of
patients who experience a particular AE, or as the number of patients reporting a particular AE.*®

This outcome is also relevant to muscle cramps (not duplicated in Section 4.4.2 to avoid repetition).

4.4.1.4 Compliance/adherence

According to the World Health Organization (WHO), adherence is defined as ‘the extent to which a
person's behaviour—taking medication, following a diet and/or executing lifestyle changes—
corresponds with agreed recommendations from a health care provider.’#” Compliance/adherence
to a treatment regimen of magnesium supplementation is an outcome of interest. It is also linked
to AEs, because patients who experience AEs are less likely to adhere to the treatment plan.*’” This

outcome is also relevant to muscle cramps (not duplicated in Section 4.4.2 to avoid repetition).

4.4.1.5 Health-related quality of life

According to Patrick and Erikson, health-related quality of life (HRQoL ) refers to ‘the value assigned
to the duration of life as modified by the impairments, functional status, perceptions and social
opportunities that are influenced by disease, injury, treatment or policy.’*® It is important to assess
this outcome, as it is well known that the pain associated with urolithiasis can contribute to a
reduction in HRQoL.#*%° The Urinary Stones and Intervention Quality of Life (USIQoL) tool is a
urolithiasis-specific HRQoL tool.> Other generic tools, such as the EuroQol 5-dimension
guestionnaire (EQ-5D)%? and the Short-Form Health Survey (SF-12/36) will also be of interest.53:54

4.4.2 Muscle cramps

4.4.2.1 Muscle cramp frequency

One of the primary goals in treating muscle cramps is to reduce the frequency of cramp occurrence,
therefore this is a key outcome of interest. Patient-reported cramp frequency can be measured as
the percentage change from baseline over a given time period (e.g. 4 weeks), the mean number of
cramps over a given time period, or the number of patients reporting cramp reduction of 225% over

a given time period.®

4.4.2.2 Muscle cramp severity/intensity

Reduction in cramp severity/intensity is another primary goal of treatment. Cramp severity/intensity
is usually patient-reported and can be measured using a pain scale (e.g. visual analogue scale,
numerical rating scale) or by the number/proportion of patients reporting a particular pain severity

(low-high) over a given time period.35
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4.4.2.3 Muscle cramp duration
Cramp duration is another outcome of interest. Muscle cramp duration is typically patient-reported
and may be measured as a continuous variable (e.g. duration in minutes) or a categorical variable

(e.g. number of cramps persisting >1 minute).3

4.4.2.4 Health-related quality of life

It is important to assess this outcome as it is well known that muscle cramps can contribute to a
reduction in HRQoL.5%" No validated cramp-specific HRQoL tools have been identified, therefore
generic HRQoL tools (e.g. EQ-5D, SF-12/36) may be of interest.
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5 HTA research questions

To evaluate the technology, the following research questions will be addressed, covering the
central HTA domains as designated by the EUnetHTA core model (clinical effectiveness; safety;

budget impact; and ethical, legal, social and organisational aspects).

1.1.1s oral magnesium supplementation effective/efficacious compared to placebo, no treatment or
standard of care in patients aged =4 years with prior calcium oxalate urolithiasis for secondary

prevention of stone recurrence and without proven hypomagnesaemia?

1.2.1s oral magnesium supplementation effective/efficacious compared to placebo, no treatment or
standard of care in patients aged =4 years with muscle or leg cramps and without proven

hypomagnesaemia?

2.1.1s oral magnesium supplementation safe compared to placebo, no treatment or standard of
care in patients aged =4 years with prior calcium oxalate urolithiasis for secondary prevention

of stone recurrence and without proven hypomagnesaemia?

2.2.Is oral magnesium supplementation safe compared to placebo, no treatment or standard of
care in patients aged =4 years with muscle or leg cramps and without proven

hypomagnesaemia?

3.1.What is the budget impact of oral magnesium supplementation in Switzerland for treatment of

calcium oxalate urolithiasis and muscle cramps?

4.1.Are there ethical, legal, social or organisational issues related to oral magnesium

supplementation for calcium oxalate urolithiasis and muscle cramps?
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6 Methodology

The proposed methods have been developed with reference to the Cochrane Handbook for
Systematic Reviews of Interventions (version 6.5).58 They are described in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis Protocols (PRISMA-P)
checklist.>®

6.1 Databases and search strategy

A systematic literature search will be conducted in 4 biomedical databases (Medline, Embase,
Cochrane Library, INAHTA HTA database). The draft search strategy, including medical subject
headings and keyword search terms related to the population and intervention, is presented in
Appendix 11.1. The search strategy includes filters to exclude non-human studies. Filters will be
used to limit search results to studies published in English, and in French, German and Italian (3
of the 4 official languages of Switzerland. Romansh will not be included because of the limited
number of publications available.) Search filters will also be used to exclude letters, editorials and
conference proceedings. No date limits will be applied to the searches. In addition to database
searches, reference lists from systematic reviews addressing the PICO criteria and from included
primary studies will be screened for relevant articles (backwards citation searches). Studies that

cite included primary studies will also be screened (forwards citation searches).

Searches will be conducted in ClinicalTrials.gov and the EU Clinical Trials Register to identify
ongoing clinical trials related to magnesium supplementation in the eligible populations. In addition,
INAHTA member HTA agency websites will be searched to identify HTA reports not indexed in the

HTA database. Appendix 11.1 outlines the planned search strategy for each database.

The draft search strategy was validated by comparing the search results against known literature
addressing the research questions. A targeted scoping search for existing systematic and narrative
reviews on the use of magnesium supplementation for calcium oxalate stones and muscle cramps
was conducted. These searches yielded 3 relevant reviews related to calcium oxalate urolithiasis,®*
62 and 4 reviews related to muscle cramps.383-%° Primary studies included in these reviews that met
the inclusion criteria for the present HTA were checked against the draft search results. Search

terms were revised until all relevant published articles appeared in the draft search results.

6.2 Study selection

Results from the literature searches will be imported into Rayyan (Rayyan Systems Inc, US).5¢
Rayyan functions similarly to EndNote, but allows for easy blinding of reviewers and management
of study inclusion conflicts. The search results will be screened against the predetermined eligibility
criteria by 2 reviewers in duplicate (Table 2). Studies will first be screened by title and abstract,
followed by full-text review of potentially relevant publications. Upon completion of each stage of
screening, conflicts between reviewers on study inclusion will be settled via consensus. If

consensus cannot be reached, a third reviewer will decide whether to include or exclude the
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citation. Reasons for excluding articles at full-text review will be documented and the results of the

study selection will be reported in a PRISMA flow diagram.

Studies will be prioritised for inclusion by study design using a hierarchical selection process. For
each population, RCTs meeting the predetermined inclusion and exclusion criteria will be included
to assess the clinical effectiveness and safety of magnesium supplementation. Comparative RCTs
that include cross-over (with or without a washout period) will be eligible for inclusion, but only data
for the first assigned treatment up until cross-over will be included, due to the likely continued
therapeutic effect from magnesium that has been stored intracellularly and absorbed into bone.®’
If no RCTs are identified for a particular population, then prospective non-randomised studies
(NRSIs) that are propensity score-matched—to ensure confounding factors are adjusted for—uwiill
be included (hereon referred to as NRSIs). NRSIs will only be considered for inclusion if they are
comparative, with a defined control arm. Furthermore, if no data are identified from RCTs for the
prespecified outcomes (outlined in Section 4.4), a sequential approach will be taken to query

whether these outcomes have been reported in the identified NRSI.58

Table 2 Inclusion and exclusion criteria
Inclusion criteria Exclusion criteria
Population 1 Patients aged =4 years with prior calcium - Patients aged <4 years
(P1) oxalate urolithiasis for secondary prevention of | - Patients with proven hypomagnesaemiat
stone recurrence and without proven - Treatment of existing (primary, residual etc.)
hypomagnesaemiat stones
- Patients without existing calcium oxalate lithiasis
(i.e. primary prevention)
Population 2 Patients aged =4 years with muscle or leg - Patients aged <4 years
(P2) cramps and without proven - Patients with proven hypomagnesaemiat
hypomagnesaemia™f - Patients without existing cramps (i.e. primary
prevention)
Intervention Oral magnesium (any brand and treatment - Intravenous magnesium
duration) - Intramuscular magnesium
Compound of interest (per Swissmedic): - Transdermal magnesium
- P1: magnesium citrate, magnesium oxide
- P2: magnesium aspartate, magnesium
citrate, magnesium oxide
Comparator Placebo, no treatment, standard of care (per N/A
PICO defined in Section 4)
Outcomes Patient relevant and economic outcomes, as Inadequate data (incongruous data reported
defined in Section 4 between figures and text etc.), incomplete
reporting,, any other outcomes
Language English, French, German, Italian All other languages
Study design Studies selected based on the following Systematic reviews, single-arm studies, case
hierarchy of study design, with preference reports, conference abstracts, letters to the editor,
given for the highest level of evidence: expert opinion, brief communications, editorials,
1. RCTs - comparative narrative review articles, non-human/laboratory
2. NRSIs - prospective, comparative (with | Studies
control arm), propensity score-matched
(study design-specific details Section 6.2)

Abbreviations: N/A = not applicable; NRSI = non-randomised study of interventions; RCT = randomised controlled trial
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Notes: *Cramps will be differentiated from spasms where possible, according to the definitions provided in Section 2.3.
Where study authors have not differentiated between cramps and spasms, inclusion will be based on the definition of cramp
provided by the study authors.

T The definitions of hypomagnesemia that are used to exclude patients in the primary evidence will be taken into consideration
during the HTA phase. Meaning, if a study says it has excluded patients with hypomagnesemia, this will be taken at face value.
The external validity and transferability of these definitions to Switzerland will be assessed in the full HTA.

6.3 Data extraction

One reviewer will independently extract data (at trial/study-arm level) into a standardised template,
which will be checked against the original study record by a second reviewer. Disagreements will

be settled by discussion or utilisation of a third independent reviewer. Data of interest include:

— study information: trial identifier, author, country, year, number of institutions, setting (hospital,
community care etc.), study design, length of follow-up, inclusion/exclusion criteria (notably, the

definition of hypomagnesemia used to exclude patients)

— demographic information: number of enrolled participants, number lost to follow-up, age,
gender, ethnicity, comorbidities, population (e.g. muscle cramps or calcium oxalate urolithiasis),

magnesium status

— intervention and comparator: type/brand of magnesium (i.e. compound/active ingredient),
administration route (i.e. oral) and frequency, dosage, duration of treatment, type of comparator
(including dosage and regimen), and concomitant and prior interventions (name, dosage,

regimen)

— prespecified outcomes: number of events; change scores (ANCOVA-adjusted), mean change
from baseline or baseline and final follow-up scores with standard deviation (SD) or other
measures of variance (e.g. standard error [SE], 95% confidence intervals [CI]) for the outcomes

of interest:

o effectiveness outcomes —intention to treat (ITT) population (preferred) or per protocol
(PP) population if ITT data unavailable. Analyses adjusted for baseline covariates will
be preferentially extracted; where no adjustments have been conducted, unadjusted

data will be extracted
¢ safety outcomes — PP population data or ‘as treated’ population data

— other noteworthy features (e.g. effect modifiers), limitations.

For studies that report outcomes graphically instead of numerically, WebPlotDigitizer will be used

to estimate numerical values.%°

6.4 Quality appraisal
Assessment of the risk of bias in included studies will be performed in duplicate. Any differences

will be settled via consensus. If consensus cannot be reached, a third reviewer will be consulted.
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Risk of bias of included evidence will be assessed using different tools depending on the research
design. Randomised controlled trials (RCTs) will be evaluated using Cochrane Risk of Bias 2.0
(RoB 2.0).7° Non-randomised studies of interventions (NRSIs) will be evaluated using the Cochrane
Risk of Bias in Non-randomised Studies of Interventions (ROBINS—I VV2) tool.”* Risk of bias (RoB)
will be conducted at the outcome level. For brevity, outcomes that receive the same overall RoB

rating from the RoB assessment will be grouped for reporting purposes.

The overall quality of the evidence will be appraised using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach.”?’* The GRADEpro guideline
development tool (GDT) will be used to construct the summary of evidence tables.”> One reviewer
will appraise the outcomes using GRADE, which will then be checked by a second reviewer. Any
differences will be settled via consensus. If consensus cannot be reached, a third reviewer will be

consulted.

A list of potential confounding factors relevant to the assessment of RoB in NRSIs via ROBINS-I
V2 is outlined in Appendix 11.5.

6.5 Data analysis of efficacy/effectiveness and safety outcomes

6.5.1 Data synthesis

De novo meta-analyses will be performed for outcomes of interest from primary research reports
of RCTs or NRSis, separately, based on study design. Data for each population of interest will be
analysed separately. Similarly, data for each class of comparator will be analysed separately. Only
direct comparative evidence will be considered. Network or indirect meta-analyses are outside the

scope of this review.

Meta-analysis will be considered when at least 2 RCTs or NRSIs reporting the same outcome(s)
with the same population, intervention and comparator group are identified (but separately based
on study design). Pooling of data for meta-analysis will only be conducted where clinical and

methodological characteristics are consistent (i.e. low heterogeneity).

Meta-analysis will be performed using R software.”’6 Preferentially, random-effects models using
the generic inverse variance method will be used as the basis for the primary analysis. Common-
effects models using the generic inverse variance method will only be used in cases where it is
reasonable to assume that the studies are measuring the same treatment effect (i.e. due to low
clinical, statistical and methodological heterogeneity between included studies). Random-effects

models will be used in all other cases.”

Each dichotomous outcome will be reported as a risk ratio (RR) or odds ratio (OR) with 95% Cls.
Where possible, ORs will be converted to RRs to allow for ease of interpretation of dichotomous
outcomes. The unit of measurement will be the number of patients experiencing an event.
Continuous outcomes will be reported as mean difference (MD) between treatment arms, with 95%

Cls. Where included studies report different outcome scales, standardised mean difference (SMD)
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with 95% CI will be used. SMDs will be interpreted using generic SD units and also re-expressed

as the most commonly reported scale included in the analysis.

MDs will be interpreted as clinically meaningful based on minimum clinically important differences
(MCIDs) (not yet identified). Where an MCID is not defined for an outcome, only the point estimate,
measure of variance and statistical significance will be reported, and caution will be recommended
when interpreting the result. SMDs will be interpreted following recommendations in the Cochrane
Handbook for Systematic Reviews of Interventions (version 6.5), whereby an SMD of 0.2
represents a small effect, 0.5 a moderate effect and 0.8 a large effect.® Where an SMD is re-
expressed into the units of a specific measurement instrument, the result will be interpreted

according to the MCID associated with that instrument.

All dichotomous outcomes will be reported at longest follow-up. Where dichotomous outcomes data
are too heterogenous to pool at longest follow-up, data will be pooled at specific timepoints.
Depending on data availability for continuous outcomes, data will be pooled at specific timepoints.
Based on the initial literature scoping, specific follow-up timepoints for which data may be pooled

are 4 weeks, 8 weeks and 12 weeks for both dichotomous and continuous outcomes.1-3.78

6.5.2 Assessment of statistical heterogeneity

Statistical heterogeneity will be assessed graphically via forest plots. Heterogeneity will be
assessed statistically using the Chi? test (p <0.10 representing significant heterogeneity) and the 12
statistic for the meta-analysis of dichotomous outcomes, and Tau? and I? for continuous outcomes.
The thresholds for low, moderate, substantial and considerable heterogeneity will be those
proposed in the Cochrane Handbook for Systematic Reviews of Interventions (1> = 0-40%, might
not be important; 30—60%, moderate heterogeneity; 50—-90%, substantial heterogeneity; 75—-100%,
considerable heterogeneity).5®8 Where substantial heterogeneity is evident, the cause will be

explored using subgroup analysis (described in Section 6.5.4).

To complement Tau? and 12, prediction intervals (PIs) will also be generated to investigate between-
study variability.>® Pls provide a range within which the true treatment effect of a future study is
likely to fall, assuming the same conditions as for the included studies.>® Pls will be generated
where random-effects meta-analyses are conducted, and presented as part of its results.8 Pls will
be generated for meta-analyses with 5 or more studies and no clear funnel plot asymmetry is
detected.%®

6.5.3 Small study effects
The presence of small study effects will be assessed using contour-enhanced funnel plot to assess

asymmetry for outcomes with a minimum of 10 studies.%®"®

HTA Protocol | Magnesium Supplementation 18



6.5.4 Subgroup and sensitivity analysis

A priori subgroup and sensitivity analysis will be used to investigate possible causes of clinical,
methodological and statistical heterogeneity in meta-analyses due to effect modifiers (e.g. dose,
RoB). Subgrouping will be used to explore potential effect modifiers that may lead to differences
between comparative studies.>® The subgroup analyses will use random effects models with the
assumption of a normal distribution. A two-tailed Z-test will be used to determine if the difference
between the 2 groups is statistically significant. The difference between subgroups will be
considered statistically significant if <5% of difference occurs by chance alone (i.e. p < 0.05). If
there are only 10 trials in the subgroup analyses, Tau? will be calculated using trials in both
subgroups. If the subgroup analyses includes more than 10 trials, a separate Tau? will be calculated

for each individual subgroup. A priori subgroups of potential effect modifiers will include:

- indication, specifically for muscle cramps (e.g. nocturnal, idiopathic, pregnancy-associated,

exercise-associated, liver and cirrhosis-associated)
- age (24 years—<18 years, 218 years)

- magnesium dosage (based on the standard doses of the listed magnesium supplements
on Swissmedic [i.e. <300 mg/ day, 2300—600 mg/ day])

- magnesium treatment duration (muscle cramps: <60 days, 260 days;*%*#0 calcium oxalate

urolithiasis: <6 months, 26—12 months, >12 months’881)

- per magnesium compound (i.e. magnesium citrate, magnesium aspartate, magnesium

oxide)

- Magnesium status as reported in included studies (i.e. patients with hypomagnesemia

excluded vs. magnesium status not reported)

Sensitivity analyses will be conducted to investigate the impact of methodological factors on the
reported results of the clinical evaluation for both RCTs and NRSIs (separately). Of particular
interest is how the conclusions may be affected by RCTs and NRSIs with a high/critical RoB. During

this stage, studies assessed as having a high/critical RoB will be excluded, with analyses rerun.

6.5.5 Imputation methods for dealing with missing values

Missing SDs will be obtained from available means, sample sizes, SEs and 95% Cls using formulae
detailed in the Cochrane Handbook for Systematic Reviews of Interventions (version 6.5).58 In
situations where data are unavailable to calculate SD, it will be imputed using the ‘impute_SD’
function in the R (version 1.4) package ‘metagear’, following the imputation methods described by
Braken et al, 1992.7576:82.83 \Where continuous values need to be combined, formulae detailed in
the Cochrane Handbook for Systematic Reviews of Interventions (version 6.5) will be used.>® For
studies that report outcomes graphically, WebPlotDigitizer will be used to convert graph points to

numerical values.5°
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6.5.6 Narrative synthesis

If fewer than 2 comparative studies report an outcome, meta-analysis will be impossible. In such
cases, the results will be tabulated and described narratively. For continuous outcomes, SD and
change scores (ANCOVA-adjusted), mean change from baseline, or baseline and final follow-up
score will be reported for each study arm, along with MDs and 95% Cls comparing the mean effects
between groups. For dichotomous outcomes, event rates for each trial arm will be reported along

with RR or OR, and 95% ClIs comparing the event rates between groups.

6.5.7 Summary of findings

Separate GRADE ‘summary of findings’ tables will be created for each population of interest, with
separate tables for each comparator and study design (RCTs and NRSIs). The outcome-specific
certainty will be appraised using the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) approach.” Results of the assessments for each domain (i.e. risk of bias,
inconsistency, indirectness, imprecision, publication bias) will be compiled into an overall
evaluation of the certainty of the evidence (i.e. overall GRADE rating), ranging from high to very

low.
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7 Budget impact assessment

7.1 Current use of oral magnesium

Oral magnesium (ATC code A12CC) is reimbursed via mandatory health insurance. Data provided
by © COGE GmbH Tarifpool © SASIS AG shows past utilisation data across Switzerland for
reimbursed oral magnesium products (Figure 1).

Figure 1 Utilisation of oral magnesium products on the Spezialitatenliste, 2014-2023
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7.2 Aims of the assessment

The HTA will firstly seek to define who is being prescribed oral magnesium and/or who is claiming
oral magnesium in Switzerland. This will include assessing the demographic characteristics and
indications for use in patients treated with oral magnesium. If feasible, magnesium use for all
licensed indications of relevance to the policy question (i.e. patients without proven

hypomagnesaemia, excluding use in primary prevention) will be quantified.

Secondly, the HTA will seek to evaluate the budget impact of oral magnesium treatment for the
listed indications (i.e. muscle cramps, urolithiasis [without proven hypomagnesaemia]) under
current policy/practice conditions. Proposed methods for estimating use in these patient groups are

detailed below.

Finally, the HTA may seek to define the financial implications of certain policy changes in relation
to the included indications. The appropriateness of evaluating the potential financial implications of
any policy changes will be determined by the findings of the clinical evaluation. If performed, these
analyses would assess the change in magnesium use resulting from the policy change, as well as
any changes in use of other healthcare resources (e.g. associated healthcare services, comparator
services, resources consumed in managing related health consequences), to estimate the net

financial impact to the healthcare payer.
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Key considerations for the budget impact assessment are outlined below. Methods will be finalised
during the HTA.

7.3 Key considerations

7.3.1 Perspective

The budget impact assessment will be performed from the perspective of the statutory health
insurance system, focusing solely on the direct medical costs of services covered by Swiss
mandatory health insurance. Only services principally reimbursable by the statutory health
insurance, irrespective of actual payer, will be included; patient out-of-pocket costs (including over-

the-counter costs) for non-reimbursed services will not be considered.

7.3.2 Time horizon
The budget impact assessment will be performed over a time horizon of 5 years.

7.3.3 Demographics and profile of magnesium users

Market data are available on the overall utilisation of oral magnesium reimbursed via mandatory
health insurance (Figure 1). Frequency of use data (i.e. average claims per person per year) are
available from a Swiss insurer database and could be used to estimate the number of patients

reflected in the utilisation data.

Demographic characteristics data (age, gender) of patients who claim oral magnesium for any

reason are available from a Swiss insurer database (2024 data presented in

Figure 2). Indication data were not available from this source.

It is noted that the available magnesium utilisation data include usage outside the included
indications, including in patients with manifest hypomagnesaemia, or conditions or treatments

putting them at risk of hypomagnesaemia, as well as any off-label use occurring in practice.
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Figure 2 Age and gender distribution of oral magnesium users based on claims data, 2024
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Source: Compiled by the authors using claims data provided by a Swiss insurer.

Based on Swiss clinical expert consultation (see Appendix 11.3 and Appendix 11.4), where
advice has been given that oral magnesium is not prescribed in specialist practice, uptake is
presumably low for the excluded licensed indications. There are uncertainties in this assumption
given it is based on interviews with specialists and may not capture utilisation within general
practice. Ideally, diagnosis data is needed to validate this assumption. A healthcare data and
analytics company is being consulted in the hope that it may be able to provide further information

on diagnoses for which oral magnesium is prescribed.

7.3.4 Size of target populations

Estimates of the size of each target population will be needed for the budget impact assessment.
The preferred method is to extrapolate diagnosis data (requested from a healthcare data and
analytics company) to estimate the proportion of prescriptions written for the indications of interest
(muscle cramps; urolithiasis) across Switzerland. If these data are unavailable, the size of the target
populations and uptake among these populations, would instead be estimated using a combination

of epidemiological estimates and clinical expert advice.

7.3.5 Scenarios to be modelled
The potential scenarios for consideration will be decided during the HTA. Only policy changes

relating to indications within the scope of the current HTA will be considered.

Restricting oral magnesium use to the indications of muscle cramps and urolithiasis could impact
the number of patients prescribed oral magnesium in Switzerland. If such a scenario was

considered appropriate, analyses would be undertaken to estimate the reduction in oral magnesium
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use over a 5-year time horizon and the associated cost savings. These analyses would also model
how such restrictions would impact the use of other healthcare resources, including those
associated with comparator products, to estimate the net financial impact to the healthcare payer.

This modelling would be undertaken only if supported by the clinical findings.

7.3.6 Reporting and uncertainty analysis
All major assumptions, input parameters and data sources. Scenario analyses will be used to
explore the impact of certain assumptions on the results, while a one-way sensitivity analysis will

be undertaken to identify key drivers of the analyses.
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8 Ethical, legal, social and organisational issues

8.1 Databases and search strategy

The systematic literature searches detailed in Section 6.1, including search strings and relevant
data sources, will be used to identify studies that investigate ethical, legal, social and organisational
issues related to magnesium supplementation. In addition, reference lists from included studies will
be screened for relevant citations. Targeted, non-systematic keyword searches may be conducted
to supplement the results of the systematic literature searches if, for example, broader issues
relating to magnesium are discovered that may have been insufficiently captured by the systematic

search strategy.

8.2 Inclusion/exclusion criteria and study selection

The inclusion and exclusion criteria (Section 6.2) will be applied to the selection of studies reporting
on ethical, legal, social and organisational domains, noting that a broader selection of study designs
will be eligible for inclusion for these domains. Systematic reviews, narrative literature reviews,
RCTs, NRSIs, single-arm studies, ethnographic studies, phenomenological studies, narrative
research and case studies will be considered for inclusion. All studies will be screened using the

study selection process described in Section 6.2.

8.3 Data extraction, analysis and synthesis

Data will be extracted from studies for publication year, study design, sample size (where relevant)
and key findings, by one reviewer and double checked by a second reviewer. If disagreements
between reviewers arise, a third reviewer will confirm the extraction. Study design characteristics
and key findings from included studies will be presented in tables and described narratively. Results
relating to ethical issues will be synthesised according to a normative principlist framework,
addressing issues of autonomy, non-maleficence, beneficence and justice.®* The results for other
domains will be tabulated and discussed narratively, synthesising key themes presented in the

literature.
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9 Summary and Outlook

9.1 Summary

The proposed HTA will separately evaluate the safety, efficacy/effectiveness and budget impact of
oral magnesium in patients aged =4 years with muscle or leg cramps without proven
hypomagnesaemia, and in patients aged =4 years with prior calcium oxalate urolithiasis without

proven hypomagnesaemia for secondary prevention of stone recurrence.

A systematic literature search will be conducted for the clinical evaluation, considering RCTs in the
first instance, and NRSI evidence to fill gaps in the RCT evidence base. Where there are more than
2 comparative studies reporting on an outcome of interest in the same population against the same
comparator, meta-analyses will be conducted. Where outcomes cannot be meta-analysed, the
results will be tabulated and described narratively. Based on preliminary scoping searches, it is
expected that sufficient RCT evidence will be available to evaluate the use of magnesium
supplements for treating cramps, but potentially not for treating calcium oxalate stones. It appears

likely that NRSI evidence will need to be sourced for this indication.

A budget impact analysis will be conducted. The analysis will project costs to the payer over 5 years
using selected current and possible future policy and pricing scenarios. Utilisation data for
reimbursed oral magnesium products are available, but more specific data are needed to assess
use for the target indications. The accuracy of the budget impact assessment depends on sourcing
reliable data for the relevant populations. While various data sources are being explored,

uncertainty remains regarding the availability for this HTA.

Literature relating to ethical, legal, social and organisational issues of magnesium supplementation
will be identified via systematic searches, targeted keyword searches and pearling reference lists

of included studies. The results of included studies will be tabulated and synthesised narratively.

9.2 Project-related challenges

A key challenge in the development of this protocol was refining the scope of the proposed HTA to
focus on the most relevant indications, because oral magnesium is currently licensed for a variety
of conditions in Switzerland, including cardiovascular tachyarrhythmia, coronary heart disease,
(pre-) eclampsia, tocolysis, tetanic syndrome, neuromuscular hyperexcitability, muscle cramps and

prevention of recurrent calcium oxalate urolithiasis.

To understand the current role and relevance of oral magnesium for the licensed indications in
Swiss clinical practice, Swiss clinical experts and relevant CPGs were consulted as part of the
protocol development and refinement of the PICO criteria. As a result, the proposed HTA will
separately evaluate the safety, efficacy/effectiveness and budget impact of oral magnesium
compared to placebo, no treatment or standard of care in patients aged =4 years with muscle or

leg cramps and without proven hypomagnesaemia, and in patients aged =4 years with prior calcium
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oxalate urolithiasis for secondary prevention of stone recurrence and without proven

hypomagnesaemia.

Defining the current use of oral magnesium for each licensed indication remains a key challenge.
While utilisation data are available, it seems unlikely that reliable indication-specific data will be
available for this HTA. In the absence of market data, an epidemiological approach is proposed as
an alternative for the included indications.

9.3 Outlook

The HTA protocol precedes production of an HTA report, comprising a focused assessment of
various aspects of the health technology in question, presenting the applied analytic methods, their
execution and the results. The analytical process is comparative, systematic and transparent. The
external review group consulted during the protocol phase is consulted again during the HTA
phase. The HTA draft report is subsequently presented to the stakeholders for consultation.

Communication with the reviewers and stakeholders is coordinated by the FOPH.
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11 Appendices

11.1 Search strategy

Table 3 Search strategy — Ovid (Medline + Embase)
PICO domain # Search term
1 Exp Urolithiasis/
2 Urolithiasis.abti.
3 Lithiasis.ab,ti.
4 Nephrolithiasis.ab; ti.
5 Calculi.abti.
Er%?iltjrz?:;rs]; (calcium oxalate 6 Stone.ab ti.
7 1or2or3or4or5or6
8 Calcium oxalate/
9 Calcium oxalate.ab ti.
10 8or9
11 7and 10
12 Muscle cramp/
13 Cramp*.abti.
Population 2 (muscle cramps) 14 Muscle contraction®.ab,ti.
15 Muscle spasm*.abti.
16 12 or13or 14 or 15
17 Exp Magnesium Compounds/
Intervention 18 Magnesium.abti.
19 17 0r18
Combined search 20 (11 or 16) and 19
21 exp Animals/
22 exp Humans/
Limit: Humans 23 21and 22
24 21 not 23
25 20 not 24
26 English.lg.
27 French.lg.
Limit: Language
28 German.lg.
29 Italian.lg.
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30 26 or 27 or 28 or 29
31 25 and 30
32 Editorial.pt.
33 Letter.pt.
34 Congress.pt.
35 Conference abstract.pt.
36 Conference paper.pt.
Limit: Publication type
37 Conference review.pt.
38 Case Reports.pt.
39 Clinical conference.pt.
40 32 0r 33 0or34 or35or36 or 37 or 38 or 39
41 31 not40
Deduplicate Medline + 42 Deduplicate
Embase
Table 4 Search strategy — Cochrane Library
PICO Domain # | Search term
Intervention terms 1 Magnesium
Population terms 2 | Cramps
3 | Kidney stones
4 | Urolithiasis
5 | Nephrolithiasis
Combined search 6 | 1AND(20R30R40RY5)
Table 5 Search strategy — INAHTA database
PICO Domain # | Searchterm
Intervention terms 1 Magnesium
Population terms 2 | Cramps
3 | Kidney stones
4 | Urolithiasis
Combined search 5 | 1AND(20R30R4)
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Table 6 Search strategy — Clinicaltrials.gov

PICO Domain # | Search term
Intervention terms 1 Magnesium
Population terms 2 | Cramp*

3 | Urolithiasis
Combined search 4 | 1AND(20R3)

Table 7 Search strategy — EU Clinical trials registry
PICO Domain # | Searchterm
Intervention terms 1 Magnesium
Population terms 2 | Cramp*
3 | Kidney stone*
Combined search 4 | 1AND(20R3)

Table 8 HTA agency websites

HTA Websites

Global

INAHTA HTA Database

Australia

Adelaide Health Technology Assessment (AHTA)

https://www.adelaide.edu.au/ahta/pubs/

Australian Safety and Efficacy Register of New Interventional
Procedures—Surgical (ASERNIP-S)

https://www.surgeons.org/research-
audit/research-evaluation-inc-asernips

Austria

Austrian Institute for Health Technology Assessment (AIHTA)

https://aihta.at/page/homepage/en

Gesundheit Osterreich GmbH (GOG)

http://lwww.goeg.at

Argentina

Institute for Clinical Effectiveness and Health Policy (IECS)

http://www.iecs.org.ar

Belgium

Belgian Health Care Knowledge Centre (KCE)

http://kce.fgov.be

Brazil

National Committee for Technology Incorporation (CONITEC)

http://conitec.gov.br/en/

Agéncia Nacional de Satde Suplementar/ National Regulatory
Agency for Private Health Insurance and Plans (ANS)

https://www.gov.br/ans/pt-br

Canada

Institute of Health Economics (IHE)

http://www.ihe.ca

Institut National d’Excellence en Santé et en Services (INESSS)

https://www.inesss.qc.ca/en/home.html

The Canadian Agency for Drugs and Technologies in Health
(CADTH)

http://www.cadth.ca/

Ontario Health (OH)

https://www.ontariohealth.ca/

Colombia

Instituto de Evaluacion Tecnoldgica en Salud (IETS)

http://www.iets.org.co

Denmark

Social & Health Services and Labour Market (DEFACTUM)

http://www.defactum.net
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http://www.inahta.org/members/asernip-s/
http://www.inahta.org/members/asernip-s/
https://www.policlinicogemelli.it/
http://www.inahta.org/members/hiqa/
http://www.hiqa.ie/
https://www.ema.europa.eu/en/documents/assessment-report/kymriah-epar-public-assessment-report_en.pdf
http://kce.fgov.be/
http://www.inahta.org/members/conitec/
http://www.rcrz.kz/
https://www.onkopedia.com/de/onkopedia/guidelines/diffuses-grosszelliges-b-zell-lymphom/@@guideline/html/index.html
http://www.inahta.org/members/zonmw/
http://www.iets.org.co/
http://www.inahta.org/members/defactum/
http://www.inahta.org/members/mahtas/

Finland

Finnish Coordinating Center for Health Technology Assessment
(FinCCHTA)

https://www.ppshp.fi/Tutkimus-ja-
opetus/FinCCHTA/Sivut/HTA-julkaisuja.aspx

France

French National Authority for Health (Haute Autorité de Santé; HAS)

http://www.has-sante.fr/

Assistance Publique — Hopitaux de Paris

http://cedit.aphp.fr

Germany

Institute for Quality and Efficiency in Health Care (IQWiG)

http://www.iqwig.de

Federal Joint Committee (Gemeinsamer Bundesausschuss; G-BA)

https://www.g-ba.de/english/

Ireland

Health Information and Quality Authority (HIQA)

http://lwww.hiqa.ie

Italy

Agenzia Sanitaria e Sociale Regionale (ASSR)

http://www.inahta.org/members/assr/

HTA Unitin A. Gemelli Teaching Hospital (UVT)

https://www.policlinicogemelli.it/

National Agency for Regional Health services (Agenas)

http://www.agenas.it

Kazakhstan

Ministry of Public Health of the Republic of Kazakhstan, Republican
Centre for Health Development (RCHD)

http:/fwww.rcrz.kz

Korea

National Evidence-based healthcare Collaborating Agency (NECA)

www.neca.re.krieng

Malaysia

Health Technology Assessment Section, Ministry of Health Malaysia
(MaHTAS)

http://www.moh.gov.my

The Netherlands

The Netherlands Organisation for Health Research and Development
(ZonMw)

http://www.zonmw.nl

Zorginstituut Nederland (ZIN)

https://www.zorginstituutnederland.nl/

Norway

The Norwegian Institute of Public Health (NIPHNO)

http://www.fhi.no/

Peru

Institute of Health Technology Assessment and Research (IETSI)

http://lwww.essalud.gob.pe/ietsi/

Poland

Agency for Health Technology Assessment and Tariff System
(AOTMIT)

http://www.aotm.gov.pl

Republic of China, Taiwan

Center for Drug Evaluation (CDE)

http://www.cde.org.tw

Singapore

Agency for Care Effectiveness (ACE)

Agency for Care Effectiveness (ACE) (ace-
hta.gov.sg)

Spain

Agencia de Evaluacion de Tecnologias Sanitarias, Instituto de Salud
“Carlos III"l / Health Technology Assessment Agency (AETS)

http://publicaciones.isciii.es/

Agency for Health Quality and Assessment of Catalonia (AQUAS)

http://aquas.gencat.cat

Andalusian HTA Agency

http://www.aetsa.org/

Basque Office for Health Technology Assessment (OSTEBA)

http://lwww.euskadi.eus/web01-a2ikeost/en/

Gallician Agency for Health Technology Assessment (AVALIA-T)

http://acis.sergas.es
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http://www.moh.gov.my/
http://www.inahta.org/members/gog/
http://www.inahta.org/members/gog/
http://www.has-sante.fr/portail/jcms/c_5443/english?cid=c_5443
http://www.iqwig.de/
http://aquas.gencat.cat/
https://www.swissmedicinfo.ch/default.aspx
https://www.swissmedicinfo.ch/default.aspx
http://www.cde.org.tw/
http://www.inahta.org/members/assr/
http://acis.sergas.es/
http://www.inahta.org/members/iacs/
http://www.iacs.es/
http://www.iacs.es/
http://www.bag.admin.ch/hta
http://www.inahta.org/members/neca/
http://www.neca.re.kr/eng
https://www.cancer.gov/search/results
https://www.nice.org.uk/process/pmg20/resources
http://www.ineas.tn/fr
http://www.zonmw.nl/
http://www.aotm.gov.pl/
https://www.nice.org.uk/guidance/ta554
https://www.onkopedia.com/de/onkopedia/guidelines/akute-lymphatische-leukaemie-all/@@guideline/html/index.html
https://www.onkopedia.com/de/onkopedia/guidelines/akute-lymphatische-leukaemie-all/@@guideline/html/index.html
https://www.medicines.org.uk/emc/product/9456
http://www.inahta.org/members/osteba/
http://www.euskadi.eus/web01-a2ikeost/en/
https://www.cancer.gov/about-cancer/treatment/research/car-t-cells

Health Sciences Institute in Aragon (IACS)

‘ http://lwww.iacs.es/

Sweden

Swedish Council on Technology Assessment in Health Care (SBU)

‘ http://lwww.sbu.se/en/

Switzerland

Swiss Federal Office of Public Health (SFOPH)

| http:/iwww.bag.admin.ch/hta

Tunisia

INEAS - National Authority for Assessment and Accreditation in
Healthcare, TUNISIA

http://www.ineas.tn/fr

United Kingdom

Healthcare Improvement Scotland (HIS)

http://www.healthcareimprovementscotland.org

National Institute for Clinical Excellence (NICE)

http://www.nice.org.uk/

Health Technology Wales (HTW)

http://www.healthtechnology.wales

National Institute for Health Research (NIHR), including HTA
programme

http://lwww.nets.nihr.ac.uk/programmes/hta

United States

Agency for Healthcare Research and Quality (AHRQ)

https://www.ahrg.gov/research/findings/index.htm
I

Source: Based on INAHTA members list8s
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https://www.cadth.ca/tisagenlecleucel-kymriah-pediatric-acute-lymphoblastic-leukemia-and-diffuse-large-b-cell-lymphoma
https://www.eunethta.eu/wp-content/uploads/2018/01/HTACoreModel3.0.pdf
https://automeris.io/WebPlotDigitizer/
http://www.inahta.org/members/inasante/
http://www.inahta.org/members/inasante/
https://www.nice.org.uk/guidance/ta567
https://www.onkopedia.com/de/onkopedia/guidelines/car-t-zellen-management-von-nebenwirkungen/@@guideline/html/index.html

11.2 Licensed indications of oral magnesium preparations reimbursed by the
Swiss mandatory health insurance (as listed on Swissmedic)

Table 9

Full list of licensed indications for magnesium preparations approved by Swissmedic

Trade name

Indications

German

English

Magnesiocard®
Filmtabletten/
Brausetabletten/
Granulat

Therapie des Magnesium-Mangels, verursacht
durch z.B. Fehlerndhrung, Diuretika-oder
andere medikamentdse Therapien, Diarrhd,
Alkoholabusus; tachykarde
Herzrhythmusstérungen, vor allem  bei
Resistenz gegenuber anderen Antiarrhythmika;
Adjuvans zu Beta-2-Tokolytika bei Prodromi
friihzeitiger Geburt resp. drohendem Spatabort;
zur Deckung eines erhdhten Bedarfs im
Hochleistungssport  und  wahrend der
Schwangerschaft; Therapie der Eklampsie,
Praeklampsie und des tetanischen Syndroms;
Wadenkrampfe, Muskelzuckungen, Restless
Legs.

Treatment of magnesium deficiency caused
by, for example, malnutrition, diuretic or other
drug therapies, diarrhoea, alcohol abuse;
tachycardic cardiac arrhythmias, especially in
cases of resistance to other antiarrhythmic
drugs; adjuvant to beta-2-tocolytics in
prodromes of premature birth or threatened
late abortion; to meet increased needs in
high-performance  sports and  during
pregnancy; treatment of eclampsia,
preeclampsia and tetanic syndrome; calf
cramps, muscle twitches, restless legs.

Magnesium Sandoz®

Zur Deckung eines erhohten Bedarfs an
Magnesium im  Hochleistungssport  und
wahrend der Schwangerschaft und Stillzeit; Bei
magnesiumarmer Ernahrung, bei
Wadenkrampfen; Auf arztliche Verordnung
oder auf Rat eines Apothekers: Magnesium-
Mangel bei Malabsorption, erhdhten
intestinalen und/oder renalen Verlusten (z.B.
Diuretikatherapie); Neuromuskulére
Ubererregbarkeit,  tetanisches  Syndrom,
muskuléare Krampfzustande; Préaeklampsie.
Eklampsie. Als Zusatztherapie zur Tokolyse mit
B2-Adrenergika; Bei tachykarden

To cover an increased need for magnesium
in  high-performance sports and during
pregnancy and breastfeeding; in case of a
diet low in magnesium, in case of calf cramps;
on medical prescription or on the advice of a
pharmacist; magnesium deficiency due to
malabsorption, increased intestinal and/or
renal losses (e.g. diuretic  therapy);
neuromuscular  hyperexcitability, tetanic
syndrome, muscular spasms; preeclampsia,
eclampsia; as additional therapy to tocolysis
with B ;-adrenergics; in tachycardic cardiac
arrhythmias, especially in cases of resistance

Mg5-Longoral®/
Mg5-Oraleff®

Wachstum, Hochleistungssport,
Schwangerschaft, Stillzeit); Magnesiumarme
Erndhrung; Wadenkrampfe. Auf &rztliche
Verordnung oder auf Rat eines Apothekers:
Neuromuskulare Stoérungen wegen
Magnesiummangel, muskulare Kréampfe. Auf
arztliche  Verordnung: Bei tachykarden
Herzrhythmusstérungen (Tachykardie), v.a. bei
Resistenz gegenuliber anderen Antiarrhythmika;
Adjuvans zu (2-Adrenergika bei Prodromi
friihzeitiger Geburt bzw. drohendem Spétabort;
Behandlung der Eklampsie, Pre-Eklampsie und
des tetanischen Syndroms; Enterale oder

Herzrhythmusstorungen, v.a. bei Resistenz | to other antiarrhythmics.
gegeniiber anderen Antiarrhythmika.
Mg5-Granoral®/ Deckung eines erhohten Bedarfes (z.B. | Covering increased needs (e.g. growth, high-

performance sports, pregnancy,
breastfeeding); low-magnesium diet; calf
cramps; on prescription or on the advice of a
pharmacist; neuromuscular disorders due to
magnesium deficiency, muscular cramps; on
doctor's prescription in case of tachycardic
cardiac arrhythmias (tachycardia), especially
in case of resistance to other antiarrhythmic
drugs; adjuvant to P2-adrenergics in
prodromes of preterm birth or threatened late
abortion; treatment of eclampsia, pre-
eclampsia and tetanic syndrome; enteral or
renal magnesium losses (chronic diarrhoea,

Citracaps/
Magnesium-Diasporal®*
Granulat

Herzrhythmusstérungen, Begleitmedikation bei
koronarer  Herzkrankheit;  Neuromuskulére
Ubererregbarkeit, ~ tetanisches  Syndrom,
muskulére Krampfzustéande, Wadenkrampfe;
Myositis ossificans; Rezidivprophylaxe der
Calcium-Oxalat-Urolithiasis; Praeklampsie,
Eklampsie; Magnesiummangelzusténde; zur
Deckung eines erhohten Bedarfs bei
Hochleistungssport, in der Schwangerschaft
und Stillzeit; Therapiebedingter
Magnesiummehrbedarf: Bei Diuretika-,
Aminoglycosid-, Cyclosporin A-, Amphotericin
B-Therapie und Digitalisuberempfindlichkeit.

renale Magnesiumverluste (chronische | diuretic therapy).
Diarrhoe, Diuretikatherapie).
Magnesium-Diasporal® Prophylaxe und  Therapie tachykarder | Prophylaxis and treatment of tachycardic

cardiac arrhythmias, concomitant medication
in coronary heart disease; neuromuscular
hyperexcitability, tetanic syndrome, muscular
spasms, calf cramps; myositis ossificans;
recurrence prevention of calcium oxalate
urolithiasis; preeclampsia, eclampsia;
magnesium deficiency states; to cover
increased needs in high-performance sports,
during pregnancy and breastfeeding;
therapy-related increased magnesium
requirement in diuretic, aminoglycoside,
cyclosporin A, amphotericin B therapy and
digitalis hypersensitivity.
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AndreaMag®/
Solmag 300®

Magnesiummangel infolge ungeniigender
Zufuhr, infolge  Malabsorption, erhéhter
intestinaler und/oder renaler Ausscheidung
(chronische Diarrho, Laxantienabusus,
Interaktionen  mit  bestimmten  anderen
Medikamenten); Zur Deckung eines erhdhten
Bedarfs im Hochleistungssport, wahrend der
Schwangerschaft und der Stillzeit; Auf arztliche
Verordnung oder auf Rat eines Apothekers:
Neuromuskulare Ubererregbarkeit, muskulére

Krampfzusténde, Wadenkrampfe;
Rezidivprophylaxe der Calcium-Oxalat-
Urolithiasis; Therapiebedingter
Magnesiummehrbedarf: Bei Diuretika-,

Aminoglycosid-, Cyclosporin A-, Amphotericin
B-Therapie und Digitalisiberempfindlichkeit;
Auf  arztliche  Verordnung:  Tachykarde
Herzrhythmusstérungen, namentlich solche,
die gegenuber anderen Antiarrhythmika
resistent sind; Begleitmedikation bei koronarer
Herzkrankheit; Tetanisches Syndrom;
Préaeklampsie, Eklampsie; Adjuvant zu f2-
Tokolytika bei Prodromi friihzeitiger Geburt
resp. drohendem Spétabort.

Magnesium deficiency due to insufficient
intake, malabsorption, increased intestinal
and/or renal excretion (chronic diarrhoea,
laxative abuse, interactions with certain other
medications); to meet increased needs in
high-performance sports, during pregnancy
and breastfeeding; on prescription or on the
advice of a pharmacist: neuromuscular
hyperexcitability, muscular spasms, calf
cramps; recurrence prevention of calcium
oxalate urolithiasis; therapy-
related increased magnesium requirement in
diuretic, aminoglycoside, cyclosporin A,
amphotericin B therapy and digitalis
hypersensitivity; on doctor's prescription:
tachycardic cardiac arrhythmias, particularly
those resistant to other antiarrhythmic drugs;
concomitant medication for coronary heart
disease; tetanic syndrome; preeclampsia,
eclampsia; adjuvant to B :-tocolytics in
prodromes of preterm birth or threatened late
abortion.

Notes: " Also available as preparation without sugar (zuckerfrei).
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Table 10 Licensed indications of specific magnesium supplements reimbursed by Swiss mandatory health insurance

Trade name; Dosage/ Package Active ingredient/ | Approved indications
Brand Formulation details compound CT CAD (P)EC TOC TS NH MC MT RL KS o
Magnesiocard®? 2.5 mmol (60.8 mg) 100 pack Magnesium aspartate
Biomed AG film-coated tablet hydrochloride
7.5 mmol (182.3 mg) | 20 pack trihydrate
effervescent tablet 60 pack Y . J
5 mmol (121.5 mg) 20 sachets X X x x % % % x
granules 50 sachets
10 mmol (243 mg) 20 sachets
granules 50 sachets
Magnesium Sandoz®; | 10 mmol (243 mg) 20 pack Magnesium aspartate
Sandoz Pharma AG effervescent tablet 40 pack dihydrate and Xb X Xe X X xf X
magnesium citrate
Mg5-Granoral®; 12 mmol (292 mg) 10 sachets | Magnesium aspartate . . .
OM Pharma Suisse SA | granules 30 sachets | dihydrate X X X X X X
Mg5-Longoral®; 5 mmol (121.5 mg) 20 pack Magnesium aspartate
OM Pharma Suisse SA | chewable tablet 50 pack tetrahydrate Xb X Xe X X X
100 pack
Mg5-Oraleff®; 7.5 mmol (182.3 mg) | 30 pack Magnesium aspartate b X e X X X
OM Pharma Suisse SA | effervescent tablet 60 pack dihydrate
Magnesium- 4 mmol (100 mg) 120 pack Magnesium citrate
Diasporal® Citracaps; capsule X9 xe X X X xf xh X
Doetsch Grether AG
Magnesium- 12.4 mmol (300 mg) | 20 sachets | Magnesium citrate
Diasporal® Granulat; granules (also anhydrous X9 Xe X X X X xh X
Doetsch Grether AG available sugar-free) | 50 sachets
AndreaMag®; 12.3 mmol (300 mg) | 20 pack Light magnesium ) . . . N
Andreabal AG effervescent tablet 60 pack oxide % X X % x % % % X
Solmag 300®; 12.3 mmol (300 mg) | 20 pack Light magnesium o e X e X X X v X
Nutrimed AG effervescent tablet 60 pack oxide

Abbreviations: CAD = coronary artery disease; CT = cardiac tachyarrhythmias; KS = kidney stones; MC = muscle cramps; MT = muscular twitches; NH = neuromuscular hyperexcitability; O = other; RL
= restless legs; TOC = tocolysis; TS = tetanic syndrome; (P)EC = (pre-) eclampsia.

Notes:

2Per the Spezialitatenliste, Magnesiocard® also available in injectable intravenous (V) solution and concentrate for preparation of IV solution. These formulations are outside the scope of this HTA protocol.
b Especially indicated in the case of resistance to treatment with other antiarrhythmic drugs

¢ Adjuvant to beta 2-tocolytics in case of prodrome symptoms of premature birth or threat of a late abortion

d Cramps of the calf

¢ As an adjuvant treatment

f Muscle cramps and cramps of the calves

9 Prophylaxis and treatment

" Prevention of recurrences

i Also available as preparation without sugar (Zuckerfrei)
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11.3 Overview of the recommended use of oral magnesium in the licensed
indications

Table 11 Recommended use of oral magnesium in the licensed indications per CPGs and clinical expert
consultation

Indication Oral magnesium Oral magnesium recommended | Final inclusion/
recommended by CPGs | by clinical expert(s) exclusion decision*

Included indications

Muscle cramps
Calcium oxalate urolithiasis

Excluded indications

Cardiac tachyarrhythmias
Coronary heart disease
Impending late abortion or

prodrome of early delivery
(Pre-) eclampsia
Neuromuscular hyperexcitability

and muscle twitches
Restless leg syndrome
Tetanic syndrome

Abbreviations: CPG = clinical practice guideline.
Legend: ¥ = yes; X = no.
Notes: * Rationale for the excluded indications is provided in Appendix 11.4.

11.4 Rationale for excluded indications

During the production of this HTA protocol, targeted non-systematic keyword searches were
conducted to identify CPGs for the use of oral magnesium for the indications listed on Swissmedic.
These searches were conducted prior to consulting Swiss clinical experts, to obtain specific
information on the prescribing of oral magnesium in clinical practice in Switzerland. The findings of
these searches and expert advice from clinicians both formed the basis of the indications
included/excluded in this HTA protocol. The rationale for the exclusion of any indication listed on

Swissmedic, where oral magnesium is covered by mandatory health insurance, is provided below.

11.4.1 Known hypomagnesaemia and primary prevention

Treatment with oral magnesium in patients with known hypomagnesaemia does not fall within the
remit of this HTA. In Swiss clinical practice, those with proven hypomagnesaemia (via laboratory
evaluation) should receive supplementation, and can access oral magnesium to manage this

condition, therefore this indication will not be a focus of this HTA.

Of particular interest to this HTA protocol are indications where patients without proven

hypomagnesaemia receive oral magnesium as treatment to prevent relapse/recurrence of health
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problems or to prevent complications related to other interventions that do not cause

hypomagnesaemia.

Primary prevention with oral magnesium does not fall within the remit of this HTA as mandatory
health insurance (OKP) does not routinely pay for preventative interventions, unless prespecified.
Primary prevention aims to prevent a disorder before it occurs. Examples of primary prevention are
immunisation or education about healthy habits such as exercising regularly. Thus, those with
known hypomagnesaemia and its use in primary prevention are outside the scope of this HTA
protocol.

11.4.2 Cardiac tachyarrhythmias
Intravenous (IV) magnesium may be used to prevent/treat cardiac tachyarrhythmias. The following
information from CPGs has been identified to support the use of IV magnesium for cardiac

tachyarrhythmias:

e European Society of Cardiology guidelines (2022) for the management of patients with
ventricular arrhythmias and the prevention of sudden cardiac death recommends the use

of IV magnesium with supplementation of potassium in patients with Torsades de Pointes.8¢

e American College of Cardiology/American Heart Association/Heart Rhythm Society
guideline (2015) for the management of adult patients with supraventricular tachycardia
mentions that IV magnesium may also be helpful in patients with normal magnesium levels

with multifocal atrial tachycardia.®’

e American College of Cardiology/American Heart Association/American College of Clinical
Pharmacy/Heart Rhythm Society guideline (2023) for the diagnosis and management of
atrial fibrillation concludes that IV magnesium may be effective at rate-controlling rapid atrial

fibrillation, and also used in combination with other antiarrhythmic drugs.88

e Some guidelines suggest the use of IV magnesium for the prevention of atrial fibrillation

after cardiothoracic surgery.®

No supporting information from guidelines was identified for the use of oral magnesium for cardiac
tachyarrhythmias, so information was sought from Swiss clinical experts to understand current

practice in Switzerland.

The cardiologists consulted suggested that oral magnesium is not prescribed by cardiologists for
cardiac tachyarrhythmias. However, both cardiologists (adult and paediatric) suggested that oral
magnesium may be prescribed in outpatient care (i.e. general practice) for supraventricular
premature contractions and premature ventricular contractions. Whether or not these types of
contractions constitute a tachyarrhythmia appears to be a point of debate. Upon reference to
International Classification of Diseases 11 Revision (ICD-11) classifications for these specific

types of contractions, supraventricular premature contractions and premature ventricular
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contractions fall outside of what would constitute a tachyarrhythmia and therefore are outside the

scope of the listed Swissmedic indications.

In response to the clinician feedback received, and the lack of reference to oral magnesium in
CPGs for tachyarrhythmias, Swissmedic indications and ICD-11 classifications, this indication was

excluded from the HTA protocol.

11.4.3 Coronary heart disease
No information from published CPGs was identified on the use of oral magnesium in coronary heart
disease management,®® so information was sought from Swiss clinical experts to understand

current practice in Switzerland.

Both cardiologists (adult and paediatric) suggested there is no indication for the use of oral
magnesium in coronary heart disease and other medications would be used in Switzerland;

therefore, this indication was excluded from the HTA protocol.

11.4.4 Impending late abortion or prodrome of early delivery

None of the identified guidelines from New South Wales (NSW) Health,°? WHO?% the National
Institute for Health and Care Excellence (NICE),*® Schweizerische Gesellschaft fiir Gynakologie
und Geburtshilfe (SGGG),* or joint guideline by SGGG, Deutsche Gesellschaft fiir Gynakologie
und Geburtshilfe (DGGG) and Oesterreichische Gesellschaft fur Gynakologie und Geburtshilfe

(OEGGG)% recommended the use of oral magnesium for delaying impending premature delivery.

However, a number of these guidelines recommend the use of IV magnesium sulphate for
neuroprotection,®>929 and it seems that it can be used for tocolysis/maintenance tocolysis,
although other tocolytic agents have greater benefits and fewer side effects.%% Whereas, the joint
guideline by SGGG, DGGG and OEGGG (2022)° no longer recommend the use of IV magnesium

sulphate for tocolysis due to lack of evidence-based proven tocolytic efficacy.

Information was sought from 2 Swiss clinical experts to understand current practice in Switzerland.
The obstetrician and paediatrician consulted suggested there is no role for IV magnesium in
impending late abortion or prodrome early delivery, and that other tocolytics would be used for this
indication in Switzerland. However, the obstetrician suggested that oral magnesium is used in
Switzerland to manage uterine cramping at any stage of pregnancy, even when there is no cervical
shortening—despite the absence of official guidelines for this practice. The obstetrician stated that
if uterine cramping without cervical changes is considered (by a clinician) as an early stage of
‘impending late abortion or prodrome early delivery,’ then its use aligns with the licensed indication.
Uterine cramping can progress to contractions, with or without cervical shortening. The obstetrician
stated that, ‘if cervical shortening occurs, tocolytic medication is introduced (as per tocolysis
guideline recommendations) alongside oral magnesium (although no guidelines recommend this
practice). However, the distinction between symptom management (cramping relief) and

prevention of preterm complications remains unclear. Despite the conflicting clinical expert advice,

HTA Protocol | Magnesium Supplementation 43



given the lack of established clinical guidelines recommending the use of oral magnesium in
treating uterine cramping with or without cervical shortening during pregnancy, this indication was

excluded from the HTA protocol.

11.4.5 (Pre-) eclampsia

Magnesium may be used in cases of eclampsia (seizures) and pre-eclampsia as an anticonvulsant.
However, this applies to IV magnesium sulphate. There is limited evidence to support the use of
oral supplementation. The following information from clinical guidelines has been identified to

support the use of IV magnesium for (pre-) eclampsia:

e The NICE guideline (2019) for hypertension in pregnancy diagnosis and management®
indicates that IV magnesium sulphate can be used as an anticonvulsant for the treatment
of eclampsia in pre-eclampsia. This guideline recommends against routinely prescribing

oral magnesium to prevent pre-eclampsia.

e Guidelines from Queensland Health (2021) on hypertension and pregnancy®” and
guidelines from the German Society for Obstetrics and Gynecology (2024)% state that IV
magnesium sulphate can be used as an anticonvulsant for the treatment of eclampsia in
pre-eclampsia, but not as a general treatment for hypertension in pregnancy. Additionally,
the Queensland Health guidance on hypertension and pregnancy®’ indicate that there is
insufficient evidence to recommend the routine administration of oral magnesium

supplements to prevent or treat hypertensive disorders during pregnancy.

No supporting information from guidelines was identified to support the use of oral magnesium for
(pre-) eclampsia, so information was sought from Swiss clinical experts to understand current

practice in Switzerland.

The obstetrician consulted, indicated that oral magnesium would only be prescribed to manage the
bowel (i.e. for the laxative side effect) in women with (pre-) eclampsia, but not specifically to treat
the (pre-) eclampsia itself. A paediatrician consulted, indicated that IV magnesium may be used

but not oral magnesium. Thus, this indication was excluded from the HTA protocol.

11.4.6 Neuromuscular hyperexcitability or muscle twitches

No guidelines were found for the treatment of neuromuscular hyperexcitability. This is a syndrome
rather than a condition. It may be observed in multiple rare diagnoses including cramp-fasciculation
syndrome, Isaacs syndrome and Morvan syndrome.® Further information was sought from a Swiss

clinical expert to understand current practice in Switzerland.

The Swiss neurologist confirmed that these conditions (i.e. Isaacs syndrome, Morvan syndrome,
neuromyotonia) are incredibly rare, with low case numbers. Due to the clinical feedback received

and an anticipated lack of available evidence, this indication was excluded from the HTA protocol.
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Muscle twitches (e.g. fasciculations) are also a symptom as opposed to a condition. No CPGs were
identified, so Swiss clinical experts were consulted. The Swiss neurologist stated that muscle
twitches are typically unnoticeable and are rarely treated. Thus, this indication was excluded from
the HTA protocol.

11.4.7 Restless legs syndrome

Of the CPGs identified for restless leg syndrome, none recommended oral magnesium to manage
the condition. Three guidelines!®-192 state there is insufficient evidence to support its use; one
guideline'®® makes no mention of magnesium at all. Information was sought from Swiss clinical

experts to understand current practice in Switzerland.

The neurologist consulted suggested that oral magnesium is not used in clinical practice by
neurologists and is not recommended in CPGs relevant to Swiss practice. (According to the
neurologist, it is unknown whether it is prescribed in general practice but it is expected that GPs
should know not to prescribe it for restless legs syndrome.) The paediatrician consulted, noted that
oral magnesium may sometimes be used but it is not recommended and there is no clear clinical

rationale for its use.

Based on the clinical feedback received and the lack of any reference to oral magnesium in CPGs

for restless leg syndrome, this indication was excluded from the HTA protocol.

11.4.8 Tetanic syndrome

No guidelines were found for the treatment of tetany as it is a symptom rather than a condition. It
usually occurs as a result of an electrolyte imbalance (e.g. hypomagnesaemia or hypocalcaemia),
with guidelines focusing on treating the underlying electrolyte imbalance/deficiency not the
symptom itself.81% Information was sought from Swiss clinical experts to understand current

practice in Switzerland.

The neurologist consulted, suggested that tetanic syndrome is an outdated term not used in current
diagnoses: the indication is for the symptom of tetany. The neurologist suggested that the symptom
is rarely seen, and oral magnesium would not be indicated regardless. The paediatrician consulted,
suggested there is no clinical rationale for using oral magnesium for this indication. Thus, this

indication was excluded from the HTA protocol.
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11.5 NRSI potential confounding factors

Potential confounding factors were identified from the published literature including SRs, RCTs and

NRSI via the exclusion criteria listed for participant enrolment. Any additions or items removed from

this list prior to the assessment of ROBINS-I V2 will be listed as protocol amendments in the full

HTA.

11.5.1 Calcium oxalate urolithiasis

1.

Age and gender: Stone formation generally increases with age, with reduced magnesium
absorption, and with higher levels of metabolic disorders more common in older adults that
may reduce the effectiveness of magnesium supplements. Additionally, men are at a higher
baseline risk for calcium oxalate urolithiasis and may benefit more from the inhibitory effects

of magnesium,105-107

Baseline urinary magnesium levels: Higher urinary magnesium excretion levels protect
against the formation of calcium oxalate urolithiasis by inhibiting crystallisation, while
individuals with low excretion levels are more likely to benefit from supplementation to

increase magnesium concentrations in urine.¢

Urinary oxalate, calcium and pH levels: Increased urinary oxalate promotes the formation
of calcium oxalate urolithiasis; however, magnesium can bind oxalate in the gastrointestinal
tract, reducing its urinary excretion and stone risk. This effect is more pronounced in
individuals with high oxalate levels, while those with normal excretion may see less benefit
from magnesium supplementation. Magnesium may also help alkalinise acidic urine,
lowering calcium oxalate supersaturation and reducing stone risk, although its effect is
limited in patients who already have alkaline urine. Additionally, magnesium competes with
calcium for oxalate binding, mitigating stone formation in individuals with hypercalciuria,
whereas the impact of magnesium supplementation may be less significant in those with

normal urinary calcium levels.16:107

Diet and lifestyle: Magnesium binds to dietary oxalate, reducing absorption and urinary
excretion, making magnesium supplementation more effective in those consuming oxalate-
rich foods.3%:1%8 Other dietary factors such as high dietary calcium, high dietary sodium, high
dietary (animal) protein, and low dietary citrate may also contribute to calcium oxalate

urolithiasis and the overall effectiveness of magnesium supplementation.3®

Hydration status: Dehydration increases urinary supersaturation of stone-forming salts,
therefore those with inadequate hydration are more likely to experience improvements from

magnesium supplementation than those who are adequately hydrated.3°
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6.

11.5.2

Underlying health issues: There is the potential for underlying health issues to alter the
effectiveness of magnesium supplementation. These health issues may include primary
hyperoxaluria, hypercalciuria, hyperuricosuria, hyperkalaemia, hyperparathyroidism,
obstructive uropathy, chronic urosepsis, renal insufficiencies/failure, renal tubular acidosis,
diabetes and disease/malabsorption conditions (e.g. Crohn’s disease, ulcerative colitis,

short bowel syndrome).105.107

Medication use and medical intervention: Certain medications and dietary supplements
may increase magnesium losses, impair absorption or increase the likelihood of calcium
oxalate urolithiasis. These supplements/medications include calcium, vitamin C, vitamin D,
antibiotics, loop diuretics, glucocorticoids, carbonic anhydrase inhibitors and laxatives
(when abused).199110 Other medications or dietary supplements that have been prescribed
specifically for calcium oxalate urolithiasis are also likely to confound the results (e.g.
potassium/sodium citrate salts, thiazide and allopurinol).3%:195.110 The application of medical
interventions immediately prior to or during the study period must also be investigated (e.qg.
double J catheter insertion, shock wave lithotripsy, cystoscopy, ureteroscopy or

percutaneous nephrolithotomy).

Duration and severity of disease: Patients with recurrent stones may experience more
benefits from magnesium supplementation than those with minimal stone history.1%
Additionally, other disease features of calcium oxalate urolithiasis may also impact the
effectiveness of magnesium supplementation, including presence of residual stones, size

and location of stones, and urinary tract infection.106:197

Muscle cramps

Baseline magnesium levels: Individuals with low magnesium levels are more likely to
benefit from magnesium supplementation. Individuals with normal levels may not
experience improvements as their cramps are caused by other underlying issues.
Individuals already taking magnesium supplements prior to enrolment may confound

results if proper washout is not conducted.*!

Age: Older adults with a decline in absorption and increased excretion of magnesium may

respond more favourably to magnesium supplementation than younger adults.®112

Underlying health issues: The potential exists for underlying health issues to alter the
effectiveness of magnesium supplementation (both positively and negatively). These health
issues may include impaired renal function, diabetes, neuropathy, oedema, major
neurological disease (e.g. amyotrophic lateral sclerosis, multiple sclerosis, paraplegia or

guadriplegia), hyper- or hypothyroidism, and those receiving haemodialysis.*63111.113

Hydration status or electrolyte imbalance: Dehydration or imbalances in sodium, potassium

and calcium may exacerbate cramps.1?
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Diet and lifestyle: Poor dietary intake of magnesium-rich foods may increase the likelihood
of cramps due to low dietary magnesium intake. Alcoholism or alcohol intake depletes

magnesium levels and may make supplements more effective at reducing cramps.**1?

Activity level: Individuals engaging in high levels of physical activity may response better to
magnesium supplementation due to increased muscle usage and losses through sweat.
Those with low levels of physical activity or sedentary lifestyle may not respond as well to

magnesium supplementation due to poorer circulation.'4

Medication use: Certain medications may increase magnesium losses, impair absorption,
or increase the likelihood of cramps. These medications include diuretics, statins and
proton-pump inhibitors.#63 Other medications or dietary supplements prescribed
specifically for cramps are also likely to confound the results (e.g. carisoprodol, diltiazem,

gabapentin, verapamil, vitamin B12, vitamin D, vitamin E, vitamin B6).463.111,113,115

Pregnancy: Individuals who are pregnant are more likely to experience cramps due to
magnesium depletion and may experience increased benefits from magnesium

supplementation.#63111,113
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