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Abstract

Rare diseases currently impact over 250 million people worldwide, accounting for over 3.5% of
the global population. Clinicians caring for individuals living with rare diseases face difficulties
providing accurate diagnosis and effective treatments. The low prevalence of individual rare
diseases, and limited data and constrained resources available for research, makes it

challenging to develop useful clinical guidelines.

The objective of this thesis is to share our experience in conducting evidence synthesis for the
guideline development of a rare disease—chronic hypoparathyroidism, and show how we
addressed the challenges encountered during the review process. The thesis begins by
describing the challenges of evidence synthesis for guideline development in the context of rare
diseases. | then present our strategies to overcome these challenges in three systematic
reviews prepared for a chronic hypoparathyroidism guideline. The thesis ends by summarizing
the challenges and solutions, highlighting strengths and limitations, and describing opportunities

and challenges for future research in evidence synthesis for rare diseases.
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Chapter 1: Introduction to This Thesis
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In this first chapter of the thesis, | will provide an introduction to the challenge that rare diseases
present. | will then describe that one-way authorities are addressing these challenges, is to
develop formal guidelines for the diagnosis and management of rare diseases. Subsequently, |
will introduce the role of systematic reviews in developing trustworthy guideline for a rare

disease, the central theme of this thesis.

After introducing the issue of systematic reviews, | will summarize the methodologic challenges
our team faced in producing the guideline and conducting evidence synthesis for a rare disease,
chronic hypoparathyroidism, and how the subsequent chapters address these problems. The
problems include the limited resources available (the solution described in Chapter 2); defining
the outcomes on which the panel should focus (described in Chapter 3 (part 1)); and
summarizing evidence when facing insufficient data (our reviews of both diagnosis and therapy
addressing this issue in Chapter 3 (part 2) and Chapter 4). Finally, | will present the goals of

Chapter 5, related to further reflections on the problems and solution.

I will now turn to summarizing the fundamental issues of rare diseases, the first of which is
providing a definition, rare diseases are defined by the European Union as conditions affecting
fewer than 1 in 2,000 individuals and by the United States as those affecting fewer than 200,000
Americans. 12 Despite their rarity, rare diseases collectively affect a significant number of
patients. Currently, International Classification of Diseases (ICD) 11 recognizes over 5500 rare
diseases,>* which impact approximately 263-446 million people worldwide, accounting for 3.5—
5.9% of the global population. > Approximately 80% of rare diseases have a genetic origin, and

of those 70% begin in childhood. 4°

Individuals living with rare diseases face multiple challenges, the first of which is obtaining an
accurate diagnosis. Due to the variability and non-specific nature of symptoms, rare diseases

2
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are frequently misdiagnosed, or diagnosed late. Furthermore, due to the lack of effective
treatments, many rare diseases can result in death in infancy or childhood. The U.S. Food and

Drug Administration (FDA) has approved treatments for fewer than 10% of rare diseases. °

The number of clinical guidelines and systematic reviews related to rare diseases is limited, ’
and varies depending on the country or organization responsible for creating them. Due to the
low number of those with each individual disease, limited data and constrained resources

available for research, generating comprehensive clinical guidelines for rare diseases is often

challenging.

However, many countries and organizations are striving to, by developing clinical guidelines,
improve the diagnosis and management of rare diseases. The Orphanet database

(https://www.orpha.net/consor/cqgi-bin/Disease.php?Ing=EN), for example, is an international

consortium that aims to provide information on rare diseases and orphan drugs, including
clinical guidelines. In 2021, the UK government and devolved administrations unveiled the
"England Rare Diseases Action Plan," a framework designed to enhance the quality of life for
individuals affected by rare diseases. Among the plan's many initiatives is a commitment to

provide recommendations based on the best evidence available.

Evidence synthesis is crucial for the development of clinical guidelines and involves defining the
PICO (P: Patient; I: Intervention; C: Comparison; O: Outcomes) questions, identifying studies,
performing synthesis, rating the certainty of evidence, and integrating findings to draw
appropriate conclusions.  However, given the limited available data and the complexities
associated with understanding the rare diseases, conducting evidence synthesis is particularly

challenging in this context.


https://www.orpha.net/consor/cgi-bin/Disease.php?lng=EN
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The purpose of this thesis is to share our experience in conducting evidence synthesis for the
guideline development of a rare disease, chronic hypoparathyroidism, and show how we

addressed the challenges encountered during the evidence synthesis process.

The initial methodological challenge we confronted when conducting evidence synthesis for the
chronic hypoparathyroidism guideline was, when faced with insufficient resources (i.e., limited
resources of time, personnel, and money), how to develop recommendations for the entire
spectrum of issues of clinical interest. It was only possible to conduct systematic reviews for a
small proportion of those conditions. Since standards of trustworthy guidelines include
conducting systematic reviews and then rating the certainty of evidence (ideally, in the view of
many, using the GRADE (Grading of Recommendations, Assessment, Development, and
Evaluations) approach 8), the implication was that most recommendations would not meet

trustworthy guideline standards.

Chapter 2 describes how the methods team addressed this challenge, which was to define two
very separate sets of recommendations (i.e., GRADEd and non-GRADEd recommendations).
Furthermore, in this chapter, | introduced the methodology of evidence synthesis for guideline
development of the two rare diseases on which the panel focused: chronic hypoparathyroidism
and primary hyperparathyroidism. In this thesis, my primary focus is on chronic

hypoparathyroidism.

An additional methodological challenge we met was how to define outcomes on which the panel
should focus for a rare disease, specifically in establishing patient-important outcomes. Patients
with chronic hypoparathyroidism present with a variety of symptoms, some of which may be due

to hypoparathyroidism and some of which may not. Clearly, treatment for hypoparathyroidism
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can only impact on the former, the most important of which should represent the focus of

relevant randomized trials.

As it turns out, in the context of rare diseases in general, and chronic hypoparathyroidism in
particular, differentiating between symptoms due to the disease and those that are not, is not
altogether straightforward. Reaching consensus on patient-important outcomes, due to the
disease is comparatively simpler for non-rare diseases. In the context of rare diseases in
general and chronic hypoparathyroidism in particular, difficulties in understanding what
complications and symptoms are causally associated with the rare condition include: 1) the
complexity of the presentation of symptoms and complications, which can be influenced by
multiple factors such as sex, age, parathyroid surgery, hypophosphatasia, and other
comorbidities; °12 2) the existing literature which reports an extensive list of over a hundred
symptoms and complications in patients with chronic hypoparathyroidism, only a small
proportion of which are likely to be causally related to chronic hypoparathyroidism.** Dealing
with this issue required innovative methodologic thinking that Chapter 3 (part 1) describes. In
addition to conducting a systematic review, we developed criteria for distinguishing convincingly

causal relations from those that were not.

The third significant challenge we tackled was how to mitigate the impact of insufficient data
during evidence synthesis, a situation that frequently arises in the context of rare diseases. For
example, the scarcity of patients with each particular rare disease often hampers the
recruitment process for randomized trials (which are typically included in interventional
systematic reviews for non-rare diseases), resulting in a paucity of evidence from such trials.
Additionally, in rare diseases, the infrequent occurrence of patient-important outcomes (e.g.,
major adverse events consequent on the illness) and the prevailing culture among experts to
focus on surrogate outcomes, make it challenging to find adequate data on patient-important

5
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outcomes during evidence synthesis. In Chapter 3 (part 2) and Chapter 4, | present an
example of conducting a review related to diagnosis, and a systematic review related to
management of chronic hypoparathyroidism. We adopted several approaches to maximize the
wealth of information available including incorporating randomized studies irrespective of
whether they were designed as parallel group, cluster, or crossover randomized studies and
regardless of the publication status, and using indirect evidence from surrogate outcomes to

infer patient-import outcomes.

Chapter 5 summarizes the methodology challenges in producing recommendations and
conducting evidence synthesis for a particular rare disease present in Chapter 2 to 4, and
discusses the strategies employed to address these challenges. Furthermore, Chapter 5
highlights strengths and limitations and reflects on opportunities and challenges for future

evidence synthesis in the guideline development for rare diseases.
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Chapter 2: Methodology for the Guidelines on Evaluation and

Management of Hypoparathyroidism

This Open Access article is distributed under the terms of the Creative Commons Attribution
Non-commercial License, which permits any non-commercial use, distribution, and reproduction

in any medium, provided the original author(s) and the source are credited.
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ABSTRACT

To develop guidelines for hypoparathyroidism and primary hyperparathyroidism, the panel assembled a panel of experts in para-
thyroid disorders, general endocrinologists, representatives of the Hypoparathyroidism Association, and systematic review and
guideline methodologists. The guideline panel referred to a formal process following the Recommendations, Assessment, Devel-
opment, and Evaluation Working Group (GRADE) methodology to issue GRADEd recommendations. In this approach, panelists
and methodologists formatted the questions, conducted systematic reviews, evaluated risk of bias, assessed certainty of evidence,
and presented a summary of findings in a transparent fashion. For most recommendations, the task forces used a less structured
approach largely based on narrative reviews to issue non-GRADEd recommendations. The panelissued Eight GRADEd recommen-
dations (seven for hypoparathyroidism and one for hyperparathyroidism). Each GRADEd recommendation is linked to the under-
lying body of evidence and judgments regarding the certainty of evidence and strength of recommendations, values and
preferences, and costs, feasibility, acceptability and equity. This article summarizes the methodology for issuing GRADEd and
non-GRADEd recommendations for patients with hypoparathyroidism or hyperparathyroidism. © 2022 The Authors. Journal of
Bone and Mineral Research published by Wiley Periodicals LLC on behalf of American Society for Bone and Mineral Research
(ASBMR).
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his article describes the methodology used for the devel-
opment of hypoparathyroidism and primary hyperpara-

article, we describe the key elements of the methods the task
forces used in developing their guidelines for hypoparathy-

thyroidism guidelines. In this series of articles summarizing
the efforts of an international group of experts in hypopara-
thyroidism and primary hyperparathyroidism, the authors
conducted systematic reviews of a small number of selected
questions and narrative reviews for other questions. Ulti-
mately, the panel produced two types of recommendations,
GRADEd (from Recommendations, Assessment, Develop-
ment, and Evaluation Working Group [GRADE]) and non-
GRADEG, corresponding for the most part to issues for which
systematic reviews were or were not undertaken. In this

This is an open access article under the terms of the Creative Commons Attribution License, which p use, and reprodi

provided the original work is properly cited.

roidism and primary hyperparathyroidism. =

Composition, Selection, and Function of
Guideline Task Forces

Six endocrinologists (JPB, MB, BLC, AAK, MM, JTP) made up the
guideline steering committee. The honorary chair of the steering
committee was John T. Potts. The cochairs of the steering commit-
tee were John P. Bilezikian and Aliya A. Khan. The steering commit-
tee met regularly and oversaw the entire guideline development
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Fig. 1. Composition of guideline task forces.

process. The steering committee invited 11 endocrinologists to
join them as cochairs, forming two task force groups, one for
hypoparathyroidism (led by AAK) and the other for primary hyper-
parathyroidism (led by JPB). Each of these two task force groups
consisted of four individual task forces (Fig. 1).

The task forces induded specialists with expertise in parathy-
roid disease: endocrinologists, nephrologists, pathologists, epi-
demiologists, radiologists, pharmacologists,  endocrine
surgeons, and general endocrinologists. The steering committee
selected task force members on the basis of their expertise and
publications in the field with consideration given to international
geographic representation. The steering committee gave equal
preference to men and women. The Hypoparathyroidism Associ-
ation was represented by two individuals. Fig. 1 describes the
structure of the steering committee and the eight task forces.

The steering committee invited participation from methodol-
ogists from McMaster University with expertise in developing
guidelines using the GRADE approach. The full composition
of the task forces included 93 experts in parathyroid disorders,
four general endocrinologists, three methodologists, and two
representatives of the Hypoparathyroidism Association. Seven-
teen countries and 45 institutions were represented. Industry
employees were excluded.

All eight task forces held individual meetings on a regular
basis to review the evidence, develop recommendations, and
achieve consensus. Separate meetings were held regularly with
the task force cochairs to guide and review the progress of the
eight teams. The steering committee also met regularly to over-
see the entire guideline development process.

Guideline Process

Each of the eight task forces focused on different aspects of the
two diseases and developed a review paper. This series includes
the four task force reviews on hypoparathyroidism and four task
force reviews on primary hyperparathyroidism. In addition to the
four reviews, the hypoparathyroidism task forces undertook four
systematic reviews along with one survey evaluating monitoring
practice for hypoparathyroidism. In addition to the four reviews,

the primary hyperparathyroidism task forces undertook one sys-
tematic review. In total, five systematic reviews were completed
and are published as part of this series. The cumulative reposi-
tory of information from the aforementioned reviews were con-
solidated into two summary statement guideline papers: one for
hypoparathyroidism and one for primary hyperparathyroidism.
Those summary statements are also part of this series.

Recommendations of the Two Summary
Statement Guidelines Papers

The guideline panel conducted systematic reviews for selected
critical questions on hypoparathyroidism and primary hyper-
parathyroidism (Table 1) and issued a total of eight GRADEd rec-
ommendations (seven for hypoparathyroidism and one for
hyperparathyroidism) based on one of the reviews related to pri-
mary hyperparathyroidism and four reviews and one survey
related to hypoparathyroidism. The guideline panel also issued
59 non-GRADEd recommendations (20 for hypoparathyroidism
and 39 for hyperparathyroidism) based on narrative reviews,
which were labeled non-GRADEd recommendations.

GRADEd recommendations

GRADEd recommendations followed a structured process that
we will describe in detail.®*

Non-GRADEd recommendations

Non-GRADEd recommendations involved less structured
approaches without formal specification of PICOs (P: Patient
population, I: Intervention, C: Comparator group, O: Outcome),
included conduct of traditional expert narrative literature
reviews rather than systematic review approaches, and did not
include tables summarizing the findings. Readers should inter-
pret these non-GRADEd recommendations as they would other
recommendations based on traditional approaches to guideline
development.

METHODOLOGY
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FOR THE GUIDELINES ON EVALUATION AND MANAGEMENT 2405 l

11

RO mereEs |

wayy

0 pus SuL |, A 205 TE0TANSD] w0 Laqry sstjug) Sy, “Araqry Aruaas) oy &9 oy wglzmiol

Kopum

w0 sUOURLIOS) a3 e axdde oy K powsaact ave soq e ) o0 30 sy 30§ K] s2uO) GfLg



Ph.D. Thesis — Liang Yao; McMaster University— Health Research Methodology

Table 1. List of PICO/PECO Questions Used for GRADEd Recommendations

General questions

PICO/PECO format questions

1. In patients with chronic hypoparathyroidism, what are the
symptoms and complications? This question did not directly
inform a recommendation.

2. In patients with chronic hypoparathyroidism, what are the
desirable and undesirable consequences of PTH therapy versus
conventional therapy?

3. In patients with chronic hypoparathyroidism, what are the
desirable and undesirable consequences of using different
monitoring strategies?

4. In patients undergoing total thyroidectomy, what is the value of
measuring PTH or calcium shortly after surgery to predict the
development of chronic hypoparathyroidism?

5. In patients with asymptomatic primary hyperparathyroidism,
what are the desirable and undesirable consequences of surgery
versus nonsurgical management?

P: People with and without hypoparathyroidism, including both
postsurgical and nonsurgical

E (Exposure): Hypoparathyroidism

C: People with normal parathyroid function

O: Outcome or impact of hypoparathyroidism

P: Hypoparathyroidism from any cause (subgroups of postsurgical
versus nonsurgical)

I: PTH supplement therapy

C: Conventional therapy (calcium, calcitriol, or alfa calcidol)

O: Patient-important outcomes: nephrolithiasis, renal
insufficiency, cataract, seizures, arrhythmia, ischemic heart
disease, depression, infection, mortality, quality of life; surrogate
outcomes: serum calcium, urine calcium, phosphate.

P: Patients with chronic hypoparathyroidism

I: More frequent monitoring with variety of tests

C: Less frequent monitoring, with same or different tests

O: Patient-important outcomes: nephrolithiasis, renal
insufficiency, cataract, seizures, arrhythmia, ischemic heart
disease, depression, infection, mortality, quality of life; surrogate
outcomes: serum calcium, urine calcium, phosphate.

P: Patients that underwent total thyroidectomy

I/C: Measuring early PTH or calcium levels within 12 or 24 hours
after surgery

O: Chronic hypoparathyroidism as defined by investigators 6
months or 1 year after surgery

P: Patients with asymptomatic primary hyperparathyroidism

I: Surgery with or without medical therapies

C: No surgery with or without medical therapies

O: Patient-important outcomes: Biochemical cure, fracture, kidney
stones and renal failure, quality of life, mortality, surgical
complications, cardiovascular events, cerebrovascular
complications.

Surrogate outcomes: Fractures as inferred from bone mineral
density, biochemical cure as inferred from serum calcium, serum
PTH, 24-hour urinary calcium excretion, serum creatinine and
estimated glomerular filtration rate, systolic blood pressure or
diastolic blood pressure, left ventricular mass index and ejection
fraction.

Structured Questions—GRADEd
Recommendations

Evidence review

A methods team led by GG, LY, and ZY, with substantial input
from expert task force members, led the five systematic reviews.
The reports of these systematic reviews, included as four sepa-
rate articles in this series, provide all relevant details.

Defining the clinical questions

The steering committee defined the scope of the guidelines. Each
task force took primary responsibility for proposing important clini-
cal questions for systematic review. Five questions, four for hypo-
parathyroidism and one for primary hyperparathyroidism, were
chosen. They were subjected to a structured process that included
defining the relevant population, altemative management strate-
gies (intervention/exposure and comparator), and outcomes (i.e,
PICO/PECO (P: Patient population, E: Exposure, C: Comparator

group, O: Outcome) format) (Table 1). Each dinical question pro-
vided the framework for formulating inclusion and exclusion criteria
for systematic reviews and guided the search for relevant evidence.

Patient-important and surrogate outcomes

For GRADEd recommenadtions, the panel focused on outcomes
that patients considered important rather than surrogate out-
comes (e.g., fractures rather than bone density, renal stones
rather than 24-hour urinary calcium excretion). In the hypopara-
thyroidism guideline, the panel focused on outcomes suggested,
in the relevant systematic review, to be clearly causally related to
hypoparathyroidism.

Identifying the literature

For each PICO/PECO question, the methods team searched Med-
line, EMBASE, and the Cochrane library. Paired reviewers inde-
pendently screened the titles and abstracts retrieved from
databases and further reviewed the full-text articles for eligibility
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and resolved conflicts and disagreements by discussion. Search-
ing the reference lists of publications of primary studies and rel-
evant narrative reviews and guidelines provided another
strategy for identifying additional references.

Assessing studies, summarizing evidence, and evaluating
eligibility and risk of bias

Given the different types of questions addressed in the systematic
reviews, eligibility differed: case series and cohort studies for the
review of complications, diagnostic accuracy studies for the diag-
nostic review, and randomized trials for the comparisons between
conventional therapy and PTH therapy of hypoparathyroidism, for
comparisons between medical therapy and no medical therapy in
primary hyperparathyroidism and for comparisons between surgery
and no surgery for primary hyperparathyroidism. To assess the risk
of bias of the different types of studies, the methodology team used
the National Institutes of Health (NIH) Quality Assessment Tool for
case series studies”’ a modification of Newcastle-Ottawa Scale
(NOS) for cohort studies,” a modified Cochrane risk-of-bias tool
for randomized control trials”® and the Quality Assessment of
Diagnostic Accuracy Studies (QUADAS-2) for diagnostic accuracy
studies.”’ Two reviewers independently rated the risk of bias, and
a third senior reviewer resolved disagreements.

Evaluating certainty of bodies of evidence

For therapeutic and diagnostic systematic reviews, the methods
team rated the certainty of evidence on an outcome-by-
outcome basis using GRADE Working Group criteria (Fig. 2).
When the certainty of evidence differed across outcomes, the
methods team made an overall rating as the lowest certainty rat-
ing of the outcomes judged as critical.”’

Defining subgroup analysis and assessing credibility

In each systematic review, the task force members defined possi-
ble subgroup analyses, including hypothesized direction of sub-
group effects. To assess the credibility of subgroup effects, the
methods team used the Credibility of Effect Modification Analyses
(ICEMAN) criteria, a structured checklist consisting of nine items
addressing design, analysis, and context of subgroup analysis."”

Conducting meta-analyses

We were unable to perform meta-analyses for two reviews: the
complications review (first PICO in Table 1, the extremely diverse
studies made it difficult to justify a meta-analysis to determine
prevalence) and the monitoring review (third PICO in Table 1,
only two studies described the monitoring frequency).

We performed meta-analyses for the other three reviews. We
used bivariate analysis to calculate the pooled estimates of sen-
sitivity, specificity for the predicting review (fourth PICO in
Table 1). The other two reviews addressed management issues;
the methods team used a random-effects model for all primary
analyses. Chi-squared tests and P statistics provided methods
for assessing statistical heterogeneity.

Summary-of-findings tables

For GRADEd recommendations addressing therapeutic or diag-
nostic issues (recommendations based on systematic reviews),
we summarized the certainty of evidence and estimates of

relative and absolute effects of alternative management strate-
gies in summary-of-findings tables.''2

Recommendation direction and strength

GRADEd recommendations followed a structured process to
classify recommendations as strong or weak."" "' ? Determinants
of the strength and direction of recommendations included the
balance between the desirable and undesirable consequences
of an intervention, the certainty of evidence, patient values and
preferences, and issues of feasibility, acceptability, and equity.
The recommendations were graded as strong when desirable
effects were much greater than undesirable effects or vice versa.
Strong recommendations were worded as “We recommend.”
Recommendations were graded as weak either because of low
certainty evidence or a close balance between desirable and
undesirable outcomes and were worded as “We suggest.”

Conducting a Survey Addressing Monitoring in
Hypoparathyroidism

The methods team found very limited discussion in the systematic
review addressing monitoring in hypoparathyroidism, so Task Force
4, in consultation with the methods team, designed a survey toeval-
uate the practice of the international experts who constituted the
task forces on hypoparathyroidism. Respondents reported how fre-
quently they assessed a wide variety of variables, including calcium,
phosphorus, and magnesium levels. The task force identified a test
as useful if a minimum of 70% of respondents used the testin >70%
of their patients. Based on the survey, the panel issued three
GRADEd recommendations. One of the papers in this series
describes in detail the methods and results of the survey."*)

Values and Preferences

The task force members considered patients’ values and prefer-
ences in all recommendations. Patient partners provided for-
mal input to two task force cochairs (AAK and LR), who
ensured the panel considered their input. Important judgments
included (i) patient important outcomes over surrogate out-
comes and (i) a higher value on comprehensive assessment
and detecting possible problems than on parsimonious use of
tests that might minimize costs, concern, and possibly unneces-
sary interventions.

Costs, Feasibility, Acceptability, Equity

Because cost issues were unlikely to change the direction or
strength of the recommendations, the task forces did not con-
duct economic evaluations to consider resource use. In making
their recommendations, the panel considered feasibility, equity
for all patient populations including the pediatric and elderly
patient populations, and practical issues.

Finalizing the Recommendations

For both GRADEd and non-GRADEd recommendations, the
intent, successfully implemented, was to achieve consensus on
all recommendations. There was no provision for voting. Chairs
of each task force formulated the draft recommendations and
scheduled discussions with all task force members to reach con-
sensus. For GRADEd recommendations, the task forces reached
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Study Design Confidence in Lower if Higher if
estimates
Randomized trials High Risk of bias Large effect
—1 Serious + 1 Large
—2 Very serious + 1 Very large
Moderate
Inconsistency Dose response
—1 Serious +1 Evidence of a gradient
—2 Very serious
Observational studies Low All plausible confounding
Indirectness +1 Would reduce a demonstrated
—1 Serious effect or
Very Low -2 Very scrious
+1 would suggest a spurious effect
Imprecision when results show no effect
—1 Serious
-2 Very serious
Publication bias
-1 Likely
-2 Very likely

Fig. 2. GRADE approach for rating the certainty of evidence.

consensus on the wording of recommendations, the level on the
certainty of evidence, and the direction and strength of recom-
mendations; for non-GRADEd recommendations, the task forces
reached agreement on expert practice.

Disclosing and Managing Conflicts of Interest

The individual disclosures of the steering committee and task
force members are provided in papers in which they serve as
coauthors. All panelists identified industry consultancies and
advisory board memberships. Those who disclosed consultan-
cies were not excluded. There was no other management of

conflict of interest. The supplementary material includes the
conflict-of-interest form that task force members completed.
The following companies provided unrestricted educational
support for the guideline process: Amolyt, Ascendis, Calcilytix,
and Takeda. Although the companies were invited to attend
the open sessions, they were not invited to make comments.
The companies had no input into the design, leadership selec-
tion, task force membership, methods group constitution,
implementation, condlusions, or the writing or review of man-
uscripts. The funds received were budgeted for methodology,
knowledge translation, publication charges, young fellows’
travel grants, meetings, and administrative costs. All members
of the steering committee, cochairs, and task force members

B 2408 YAOETAL

14

Journal of Bone and Mineral Research

awuar] swcesuso) 2amear) Agesydde 35 Aq pomasch ace sorxIe V) ‘ JO 191 30§ KaexyI] SEEUQ) {14 B (FIOLEPUOS-paw-miLia Moo & A L At g st sk ) SUCKIPRO) pue s | A %5 TEDTAND] U0 Kasgr sauq) Lo ‘Asesgr Atusam) BEwusyy 4q S9r 134200101



Ph.D. Thesis — Liang Yao; McMaster University— Health Research Methodology

served on a voluntary basis and did not receive any financial
compensation.

Internal and External Presentations

The recommendations were presented to members of all task
forces in two separate sessions: one for hypoparathyroidism
and one for primary hyperparathyroidism. The steering com-
mittee and task force chairs considered all comments offered
at the time of the presentations. In addition, all task force mem-
bers had the opportunity to comment on and edit the draft
manuscripts, including systematic reviews, narrative reviews,
and guideline documents, in order to provide any clarification
required. The recommendations did not require any modifica-
tion following the presentations and feedback received by
the attendees.

The recommendations were also presented to all societies,
organizations, and patient advocacy groups that expressed inter-
est in supporting these guidelines. The two summary-guideline
papers were then distributed to all groups with invitation for
comment and approval. All comments were considered by the
steering committee and task force chairs. The groups that
approved the guidelines emanating from this project are listed
in the two summary statements. All guideline manuscripts,
including this one, were submitted to the Journal of Bone and
Mineral Research, where they underwent peer review. The peer
review process will not result in any modification to the
recommendations.

Limitations

The panel commissioned five systematic reviews to address
particularly important and potentially controversial questions,
two of which directly addressed management issues. Thus,
the guidelines included a small number of GRADEd recommen-
dations (one for hyperparathyroidism, seven for hypoparathy-
roidism). Recommendations regarding monitoring informed
by the panel survey are also graded, but all are weak recom-
mendations because they were based on very low-certainty
evidence. For the remaining questions, the task forces issued
59 non-GRADEd recommendations (20 for hypoparathyroidism
and 39 for hyperparathyroidism) based on narrative reviews.
Though not graded or formalized by the process of a systematic
review, those narrative reviews, nevertheless, were also based
upon a careful review of the literature by the task force
members.

Management of financial conflict of interest was restricted to
exclusion of industry employees, declaration of financial conflicts
by panelists, and declaration of funding for the guideline effort
from pharmaceutical companies. Neither individual panel decla-
rations nor funding for the guideline provided any indication of
the magnitude of support. The panel did not consider nonfinan-
cial conflicts of interest.

Plans for Updating

We plan to update the recommendations when important new
data that will impact the recommendations become available.
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Chapter 3: Complications, Symptoms, Presurgical Predictors in

Patients with Chronic Hypoparathyroidism: A Systematic Review
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in any medium, provided the original author(s) and the source are credited.
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ABSTRACT

The complications and symptoms of hypoparathyroidism remain incompletely defined. Measuring serum parathyroid hormone
(PTH) and calcium levels early after total thyroidectomy may predict the development of chronic hypoparathyroidism. The study
aimed (i) to identify symptoms and complications associated with chronic hypoparathyroidism and determine the prevalence of
those symptoms and complications (Part I), and (ii) to examine the utility of early postoperative measurements of PTH and cal-
cium in predicting chronic hypoparathyroidism (Part Il). We searched Medline, Medline In-Process, EMBASE, and Cochrane CEN-
TRAL to identify complications and symptoms associated with chronic hypoparathyroidism. We used two predefined criteria
(at least three studies reported the complication and symptom and had statistically significantly greater pooled relative esti-
mates). To estimate prevalence, we used the median and interquartile range (IQR) of the studies reporting complications and
symptoms. For testing the predictive values of early postoperative measurements of PTH and calcium, we used a bivariate model
to perform diagnostic test meta-analysis. In Part |, the 93 eligible studies enrolled a total of 18,973 patients and reported on
170 complications and symptoms. We identified nine most common complications or symptoms probably associated with
chronic hypoparathyroidism. The complications or symptoms and the prevalence are as follows: nephrocalcinosis/nephrolithiasis
(median prevalence among all studies 15%), renal insufficiency (12%), cataract (17%), seizures (119%), arrhythmia (7%), ischemic
heart disease (7%), depression (9%), infection (11%), and all-cause mortality (6%). In Part Il, 18 studies with 4325 patients proved
eligible. For PTH measurement, regarding the posttest probability, PTH values above 10 pg/mL 12-24 hours postsurgery virtually
exclude chronic hypoparathyroidism irrespective of pretest probability (100%). When PTH values are below 10 pg/mL, posttest
probabilities range from 3% to 64%. Nine complications and symptoms are probably associated with chronic hypoparathyroid-
ism. A PTH value above a threshold of 10 pg/mL 12-24 hours after total thyroidectomy is a strong predictor that the patients will
not develop chronic hypoparathyroidism. Patients with PTH values below the threshold need careful monitoring as some will
develop chronic hypoparathyroidism. © 2022 American Society for Bone and Mineral Research (ASBMR).
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Introduction

hronic hypoparathyroidism is a rare endocrine disorder with

an estimated prevalence of 37 per 100,000 person-years in
the United States and of 22 per 100,000 person-years in
Denmark." It is characterized by low albumin-adjusted serum
calcium in the presence of a low or inappropriately normal para-
thyroid hormone (PTH) level. Serum phosphorus may be normal
or elevated. Total thyroidectomy is the most frequent cause of
hypoparathyroidism. Most patients with postoperative hypo-
parathyroidism experience transient disease and recover within
6-12 months; 2%-10% will, however, develop chronic hypopara-
thyroidism and require long-term calcium and/or active vitamin
D treatment.”

Given the low prevalence of chronic hypoparathyroidism,
many questions of disease burden, early diagnosis, and optimal
treatment and monitoring remain unanswered. Existing studies
addressing these questions were often limited to small samples.
In this study, we have used systematic reviews methods to
address two essential questions.

Part | (complication and symptoms) aims to identify symp-
toms and complications associated with chronic hypoparathy-
roidism and determine the prevalence of those symptoms and
complications. Part Il aims to test the predictive value of using
early PTH and calcium measurements to predict chronic hypo-
parathyroidism after total thyroidectomy. Owing to the signifi-
cant variation that exists among studies regarding the timing
of measurement, PTH/calcium thresholds, and the accuracy of
these tests to predict permanent hypoparathyroidism, remain
uncertain.

Methods

Protocol

We separately registered the two reviews in PROSPERO, with the
registration number of Part I: CRD42021230757 and Part II:
CRD42021236344.

Data sources

We searched PubMed, Embase, and Cochrane CENTRAL from
inception to June 1, 2022. For Part |, we used the following key-
words: hypoparathyroidism, hypocalcaemia, hypocal*, HypoPT,
complications, symptoms (see details in Appendix S1). For Part
Il, we searched: “thyroidectomy,” “parathyroid hormone/PTH"
and “hypoparathyroidism™ (see details in Appendix S2). The
search was limited to human participants and used MeSH terms
in various combinations to increase search sensitivity. Searching
the reference lists of publications of primary studies, relevant
narrative reviews, and guidelines provided another strategy for
identifying additional references.

Study selection

Paired reviewers independently screened the studies in two
stages: (i) title and abstract and (ii) full text. On retrieval of candi-
date abstracts, two reviewers evaluated each full-text publica-
tion for eligibility, resolving conflicts by discussion.

In Part |, we included studies reporting on the symptoms or
complications of chronic hypoparathyroidism and their preva-
lence that were published in English. We categorized eligible
studies as cohort studies (addressing patients with chronic hypo-
parathyroidism and people with normal parathyroid function)
and single-arm studies (only addressing patients with chronic
hypoparathyroidism, such as randomized controlled trials or
case series). The following studies were excluded: (i) duplicate
publications, reviews, or editorials; (ii) had more than 20% of
patients with non-chronic hypoparathyroidism; and (iii) reported
on fewer than 10 patients.

In Part i, eligible studies included patients who had undergone
total thyroidectomy and had PTH/calcium levels performed
within 7 days, examined the utility of PTH/calcium levels during
or after total thyroidectomy, and were published in English. Stud-
ies were excluded if (i) more than 20% of patients underwent an
operation other than total thyroidectomy; (ii) they were review
articles, single-case articles, editorials, or letters; (iii) they exam-
ined only transient hypoparathyroidism as defined by the study.

Data extraction

In Part |, paired reviewers, using a standardized form, indepen-
dently extracted data including author; year; study design; coun-
try; patient demographics; the number of patients in exposure
and comparator (if there is one); diagnosis and duration of hypo-
parathyroidism; and incidence rate of complications or symp-
toms, including relative estimates and absolute estimates.

In Part I, for each included article, team members abstracted
the following information: authors, year, patients source, number
of patients, study design, sex, demographic data, final pathology,
description of laboratory evaluations that each study deemed
the best (cutoff levels for serum PTH and calcium, frequency
and timing of evaluation), type of assay used, threshold and dose
for calcium and/or active vitamin D treatment, all reported study
outcomes, additional key findings, and notable study limitations.
In studies in which investigators studied multiple thresholds and
timing of PTH or calcium measurements, abstractors chose the
measurement with the highest sensitivity and specificity corre-
sponding to the maximum area under curve (AUC) value. For
each study, we extracted or calculated the true positive, false
positive, false negative, and true negative values.

Risk of bias assessment

In Part I, we used the National Institutes of Health (NIH) Quality
Assessment Tool for single-arm studies® and a modification of
Newcastle-Ottawa Scale (NOS) for cohort studies (those with a
comparator of people with normal parathyroid function).**
The NIH instrument poses nine questions and rates studies as
low risk of bias if they meet seven to nine criteria, moderate risk
of bias if they meet four to six criteria, and high risk of bias if they
meet zero to three criteria. The modified NOS poses eight ques-
tions and rates the studies as low risk of bias if they meet seven
to eight criteria, moderate risk of bias if they meet five to six cri-
teria and low risk of bias if they meet fewer than five criteria.

In Part II, to assess the risk of bias, we used the QUADAS-2
scale (https://www.bristol.ac.uk/population-health-sciences/proj
ects/quadas/quadas-2/), which assigns ratings based on four
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key domains: patient selection; interpretation of index test; refer-
ence standard; the flow of patients through the study; and tim-
ing of the index test(s) and reference standards.”® Each domain
includes an assessment of the risk of bias, and the first three
domains include an assessment of applicability.

Subgroup analysis

In Part |, considering that the etiology of chronic hypoparathy-
roidism differs across populations, we present the prevalence
by different subgroups, including studies focusing on postsurgi-
cal adult patients (with >80% surgical adult patients), nonsurgi-
cal adult patients (with >80% nonsurgical adult patients), and
children (with >80% population aged <18 years).

In Part I, we planned subgroup analyses to determine
whether the following factors explained variation in the
predictive performance of PTH and calcium: (i) PTH/calcium
thresholds (PTH < 10 pg/mL versus 10-15 pg/mL; calcium
< 1 mmol/L versus 1-2 mmol/L), anticipating the lower versus
higher thresholds would result in higher specificity but lower
sensitivity; (ii) timing of determination of chronic hypoparathy-
roidism (6 months versus 12 months), anticipating the longer
duration would lead to higher sensitivity but lower specificity;
(i) timing of PTH/calcium measurement (<12 versus 12-
24 hours postoperative), anticipating the earlier measurement
of PTH/calcium would result in the higher sensitivity but lower
specificity. We restricted subgroup analyses to studies in which
three or more studies existed for each subgroup. When this was
the case, we compared sensitivity and specificity between
these subgroups and explored the subgroup modification
using Z test. We considered p < 0.05 as a significant difference
between groups.

Data synthesis

In Part |, given not all the complications or symptoms reported
by the included studies are truly associated with chronic hypo-
parathyroidism, to identify if complications and symptoms were
associated with chronic hypoparathyroidism, we developed the
following two criteria: (i) were reported by at least three studies,
and (ii) had a statistically significantly greater pooled relative
estimate in comparison to individuals with normal parathyroid
function.

We used hazard ratios (HRs) or odds ratios (ORs) and 95% con-
fidence intervals (Cls) to represent the association of complica-
tions or symptoms in studies comparing the frequency in
patients with chronic hypoparathyroidism to individuals with
normal parathyroid function. To minimize small study effects,
we used the fixed-effect model to pool HRs/ORs and 95% Cl
through the inverse variance weighted method.

To determine the prevalence of complications and symptoms
associated with chronic hypoparathyroidism, we included all
patients from both single-arms studies and the cohort studies
(case group). We described the median and interquartile range
(IQR) for the complications and symptoms.

The following modifications were made to the planned data
analysis in the protocol: (i) the complications and symptoms
attributed to chronic hypoparathyroidism had to meet the two
criteria described previously; (i) as the studies were extremely
diverse in sources of data (database data or clinical data) and
population characteristics (adult or pediatric; surgical or non-
surgical patients; and comorbidities), it was difficult to justify a

meta-analysis to determine prevalence. We, therefore, described
the median, and IQR for all studies.

In Part ll, we summarized the PTH and calcium characteristics
by grouping them into categories of PTH (<10, 10-15 pg/mL;
change of >50% and change of <50%) and calcium (<1,
1-2 mmol/L) thresholds, and timing of PTH/calcium measure-
ment (intraoperative, 1-12 hours, 12-24 hours postoperative).

Table 1. Patients’ Demographics and Study Characteristics in
Part |

Demographics and Number of patients
characteristics (% or interquartile range)
Patients with chronic
hypoparathyroidism
(n=18973)
Mean age (years), 48 (38, 51)
median (IQR)
Female sex (%), 76 (62, 85)
median (IQR)
Mean duration (years), 10(7,14)
median (IQR)
Year
<2000 51(0)
2000-2005 103 (1)
2006-2010 219 (1)
2011-2015 2102 (11)
2016-2020 4652 (25)
2021-2022 11,846 (62)
Geographic area
North America 10,088 (53)
Asia 3271 (17)
Europe 4250 (22)
South America 536 (3)
Africa 12 (0)
Oceania 20 (0)
Not specified 796 (4)
Design
Single arm 8778 (46)
Cohort 10,195 (54)
Age
Adults (=18 years) 18,563 (98)
Children (<18 years) 153 (1)
Not specified 257 (1)
Mean duration of
hypoparathyroidism
210 years 4098 (22)
<10 years 4590 (24)
Not specified 10,285 (54)
Procedure
Postsurgical 7427 (39)
Nonsurgical 3358 (18)
Not specified 8188 (43)
Receiving PTH therapy
Yes 1204 (6)
No 17,769 (94)
Aiming at investigating
complications
or symptoms
Yes 15,997 (84)
No 2976 (16)
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We present the median and range of sensitivity and specificity
for different PTH and calcium threshold categories.

Using MetaDiSc statistical software version 1.4 (https://meta-
disc.software.informer.com/), we calculated diagnostic 2 x 2
tables and performance measures for the test.” We used bivari-
ate analysis to calculate the pooled estimates of sensitivity, spec-
ificity, and likelihood ratios along with 95% Cls for the summary
estimates.®® The bivariate model preserves the two-dimensional
nature of diagnostic data by analyzing the logit-transformed sen-
sitivity and specificity of each study in a single model, and takes
into account both within-study and between-study variability.
When four or more studies addressing a specific index test
proved available, we calculated pooled estimates of sensitivity
and speciﬁcity.rm For each pooled estimate, we calculated post-
test probability stratified by wvarying pretest probability of
chronic hypoparathyroidism after total thyroidectomy (eg, low
1%-5%, moderate 5%-10%, and high 10%-20%). We performed
evaluation of funnel plot asymmetry with the midas commands
and ran statistical analyses using STATA, version 17 (StataCorp,
LLC, College Station, TX, USA). We assessed the overall certainty
in pooled diagnostic effect estimates using the Grading of Rec-
ommendations, Assessments, Development and Evaluation
(GRADE) approach.® "

Results

Part I: Complications and symptoms in patients with
chronic hypoparathyroidism

The search identified 7546 records; after removal of duplicates,
5764 remained. Of these 5764, 332 articles proved potentially eli-
gible based on title and abstract review, of which 83 studies
reported in 95 publications ultimately proved eligible (Fig. 51).
Table 1 summarizes the characteristics of eligible studies. Of
the 93 eligible studies, 75 were single-arm studies (8778 cases)

and 18 were cohort studies (10,195 cases versus 47,490 normal
individuals) that compared symptoms or complications in
patients with chronic hypoparathyroidism to individuals with
normal parathyroid function. Table S1 presents additional details
for each eligible study. A total of 69 of the 75 single-arm studies
and 16 of the 18 cohort studies proved at low risk of bias
(Tables 52 and S3).

Eighteen cohort studies reported relative estimates of
56 complications and symptoms in patients with chronic hypo-
parathyroidism in comparison to individuals with normal para-
thyroid function. Table 2 presents 19 complications and
symptoms that were reported in more than two studies.
Table 54 summarizes the remaining 37 complications and
symptoms that were reported by only one or two studies. Of
these 56 complications and symptoms, nine met the criteria
defined in the methods and were considered to be associated
with chronic hypoparathyroidism, including nephrocalcinosis/
nephrolithiasis, renal insufficiency, seizures, arrhythmia, ische-
mic heart disease, depression, infection, cataracts and
increased all-cause mortality (Table 2).

We identified a total of 170 complications and symptoms in
the single-arm studies and cohort studies. The median preva-
lence of the nine identified complications and symptoms proven
to be associated with chronic hypoparathyroidism amongst all
studies are as follows: 15% of nephrocalcinosis/nephrolithiasis,
12% of renal insufficiency, 17% of cataract, 11% of seizures, 7%
of arrhythmia, 7% of ischemic heart disease, 9% of depression,
11% of infection, and 6% of all-cause mortality (Table 3). We
observed that the prevalence of the identified complications
and symptoms varied among postsurgical adult patients in com-
parison to nonsurgical adult patients and pediatric patients
(Table 3). Table S5 presents the complications and symptoms
reported by more than two studies but did not prove associated
with chronic hypoparathyroidism. Complications and symptoms
reported by only one or two studies are not presented.

Table 2. Relative Effects of Complications/Symptoms (Reported by >2 Cohort Studies)

Complication/symptom

Number of studies Number of patients/controls Crude OR (95% CI) Adjusted HR/OR (95% Cl)

Nephrocalcinosis/nephrolithiasis gh1219)

Renal insufficiency
Cataract

Seizures

Arrhythmia

Ischemic heart disease
Depression

Infection

All-cause mortality
Anxiety

Any fracture

Vertebra fracture

Stroke

Myocardial infarct

Upper extremities fracture
Lower extremities fracture
Humerus or wrist fracture
Intracranial calcification
Neuropsychiatric disease

5(12-14,18,20)
§l1214.21-23)
5(12-14,24,25)
3(12-141
3(12:14)
4f1 2,14,21,26)
4!1 2,20,21,24)
40121224
3(12.21.26)
8[]2.14.162124,27—293
6(12:142127-29)
3(12:14)
3(1214)
3(1214.21)
30121421
30121421
3(14.23,25)
3(12.21,29)

9414/45,463 2.63 (2.29-3.01) 1.88 (1.68-2.12)
9264/45,253 6.22 (5.74-6.74) 3.67 (2.44-5.52)
1466/6074 2.08 (1.66-2.61) 2.13 (1.65-2.75)
1500/6406 2.83 (2.26-3.53) 3.22 (2.51-4.11)
1078/4679 1.62 (1.23-2.12) 1.37(1.05-1.79)
1078/4679 1.55 (1.24-1.94) 1.26 (1.02-1.56)
1140/4749 2.21 (1.69-2.89) 1.89 (1.37-2.61)
9245/44,390 1.96 (1.82-2.11) 2.30 (1.75-3.02)
1358/5980 1.47 (1.25-1.74) 1.80 (1.49-2.17)
930/2674 2,64 (1.46-4.78) 1.42 (0.26-7.76)
1545/6118 1.20 (1.01-142) 1.05 (0.72-1.53)
1248/4800 1.95 (1.35-2.82) 1.25 (0.43-3.61)
1078/4679 1.49 (1.09-2.02) 1.31 (097-1.76)
1078/4679 1.18 (0.77-1.81) 0.98 (0.64-1.51)
1078/4679 1.28 (0.95-1.74) -
1078/4679 1.35 (0.92-1.98) -
1078/4679 0.91 (0.58-1.41) -
391/2515 5.92 (3.62-967) -
918/2644 1.69 (1.37-2.08) -

The statistically significant complications and symptoms are in bold.
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Table 4. PTH Characteristics Related to Primary and Subgroup
Analysis

Table 5. Calcium Characteristics Related to Primary and Sub-
group Analysis

PTH parameters

Serum calcium

(n=18) n (%) parameters (n = 9) n (%)
Timing Timing
Intraoperative 1(5)109 24 hours postoperative 9 (100)(9599.101:102,103-107,109)
1-12 hours 5 (28)(96‘98‘103‘109] Threshold
postoperative Absolute value, mmol/L
12-24 hours 12 (67,@5.97.99-]02‘104‘105.107.108.1IO.I]]] <1 1 (-”)(lﬂﬂ
postoperative 1-2 8 (Bg}tgs.gg.mz.104—107‘109)
Threshold Timing of determination
Absolute value, of chronic
pg/mL (pmol/L) hypoparathyroidism
<10 (1.05) 12 (66)(95‘96‘93‘100—102.]04.]07‘109—11IJ 6 months 6 (67}:95.99.102.105—107)
10-15 (1.05-1.58) 4 (22)99103105.108) 12 months 3 (33)0101104109

Change in value
>50% 1 (6)"7"
<50% 0

Combination
Absolute <9.3 pg/mL

(0.98 pmol/L) and
change of >86%

Timing of determination
of chronic
hypoparathyroidism
after surgery
3 months
6 months
12 months

1 (6)(106)

1 (6)[1031
8 (44) (95,99,102,103,105-107,111)
9 (50)(96-98.100.101.1 04,109,110)

Part lI: Predicting values of early parathyroid hormone and
calcium levels with the development of chronic
hypoparathyroidism in patients following total
thyroidectomy

Screening identified 1619 abstracts of which 521 proved dupli-
cates, leaving 1098 abstracts for review, of which 118 proved
potentially eligible. Of these, 17 articles including 18 studies
proved eligible!®* " (Fig. 52).

The 18 studies (10 retrospective,(9%96:100-102104105,107,110,111)
and eight prospective,{%'gg"03"06"08"09)) included 4325
patients, most of whom were women (n = 3457, 80%). Studies
varied in their inclusion of malignant disease as an indication
for surgery; autotransplantation of parathyroid glands during
surgery; consideration of both PTH and calcium as predictors;
their definition of chronic hypoparathyroidism; and the preva-
lence of chronic hypoparathyroidism. Table 56 provides addi-
tional details.

Two studies proved at high risk of bias in the “flow and
timing” domain; 11 studies at unclear risk of bias in the “patient
selection” domain; and all studies at low risk of bias in the “index
test (PTH/calcium)” and “reference standard (chronic hypopara-
thyroidism)” domain (Fig. S3). Under applicability concerns, we
rated high concerns in five studies®’'0%103105109 i the
“patients’ selection” domain and two studies’®®'°® in the “refer-
ence standard (chronic hypoparathyroidism)” domain (Fig. 53).

Tables 4 and 5 present PTH and calcium characteristics and
report varied timing, thresholds, and duration of chronic
hypoparathyroidism. Most studies measured PTH levels at
12-24 hours after surgery (n = 12), used <10 pg/mL as the
threshold (n = 12), and defined chronic hypoparathyroidism as

(97,101)

at least 12 months’ duration (n = 9). All studies measured cal-
cium levels at 24 hours after surgery, of which six studies defined
chronic hypoparathyroidism as at least 6 months’ duration.

Eighteen studies reported PTH levels as a predictor. The
median and range of sensitivity and specificity were similar
between varying PTH thresholds (Table S7). For the pooled
diagnostic accuracy, we found evidence of a subgroup effect:
using 12 months versus 6 months as the standard reference
for determining chronic hypoparathyroidism was associated
with lower specificity (12 months: specificity 72%; 95% Cl,
55%-84% wversus 6 months: 87%; 95% Cl, 79%-93%;
p interaction = 0.04, Table 6).

Nine studies®*®%10"19210%107.199) n uding 2508 patients
reported calcium as the predictor. The median and range of sen-
sitivity and specificity proved similar across serum calcium
thresholds (Table 58). Given only three studies in the group of
12 months to determine chronic hypoparathyroidism, we did
not pool the data and instead presented the median and range;
however, the nonoverlapping intervals between specificities of
the 6 and 12 months groups, suggest a probable subgroup
effect (Table 7).

The quality of evidence of findings proves at low to moderate
(Table S8). Using evaluation of funnel plot asymmetry, we found
no evidence of publication bias (Figs. 54 and S5).

The prevalence (in diagnostic terms, the pretest probability) of
chronic  hypoparathyroidism varied considerably across
studies—from 1% to 29% (median 6.5%). We found a PTH test
result above the threshold (10 or 10-15 pg/mL) virtually
excludes chronic hypoparathyroidism (posttest probability near
100%) irrespective of pretest probability (moderate quality evi-
dence, Table 8). When the PTH result was below the threshold
(10 or 10-15 pg/mL), the stratifying prevalence (pretest proba-
bility) of chronic hypoparathyroidism results in posttest proba-
bilities from as low as 3% to as high as 66% (low quality
evidence, Table 8).

Discussion

Main findings

In Part |, eligible studies identified 170 complications and symp-
toms derived from 93 studies in 18,973 patients with chronic
hypoparathyroidism. Of these, nine complications and symp-
toms were reported in three or more studies and occurred more
often in patients with hypoparathyroidism than in individuals
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Table 6. Diagnostic Accuracy and Subgroup Analysis of PTH

Number of studies Sensitivity Specificity
Parameters (number of patients) (95% Cl) % p-interaction (95% CI) % p-interaction
Timing of determination
of chronic hypoparathyroidism
6 months 8(1822) 99 (82-100) 1.00 87 (79-93) 0.04
12 months 9 (2451) 99 (86-100) 72 (55-84)
Timing of measurement
postoperatively
<12 hours 5(1015) 97 (78-100) 1.00 82 (71-89) 065
12-24 hours 12 (3220) 97 (88-99) 79 (68-87)
PTH threshold
<10 pg/mL 12 (3666) 97 (87-99) 0.76 80 (68-88) 1.1
10-15 pg/mL 4 (488) 95 (76-99) 81 (70-89)
Table 7. Diagnostic Accuracy and Subgroup Analysis of Calcium
Number of studies Sensitivity Specificity
Parameters (number of patients) (95% CI) % p-interaction (95% Q1) % p-interaction
Timing of determination
of chronic hypoparathyroidism
6 months 6(1187) 89 (59-98) 092 80 (73-85) 0.01
12 months 3(1321) 92 (58-99) 57 (50-65)
Calcium threshold
<1 mmol/L 1(481) - - - -
1-2 mmol/L 8 (2027) 88 (62-97) 74 (64-82)
Table 8. Posttest Probability Given Varying Pretest Probabilities of Chronic Hypoparathyroidism
Pretest probability
Intermediate High Quality of
Measurement Low (1%-5%) (5%-10%) (10%-20%) evidence
PTH (determination of chronic hypoparathyroidism
at 6 months after surgery)
Posttest probability test (below the threshold) 7-29 29-46 46-66 Low™?
Posttest probability test (above the threshold) 100-100 100-100 100-100 Moderate®
PTH (determination of chronic hypoparathyroidism
at 12 months after surgery)
Posttest probability test (below the threshold) 3-16 16-28 28-47 Low?>?
Posttest probability test (above the threshold) 100-100 100-100 100-100 Moderate®
Calcium (determination of chronic hypoparathyroidism
at 6 months after surgery)
Posttest probability test (below the threshold) 4-19 19-33 33-52 Low?®?
Posttest probability test (above the threshold) 99-100 98-99 97-98 Moderate®

The most important results in this table are in bold.
*Most studies at unclear risk of bias in the patient selection.
b959% Cl imprecise, lowering certainty in overall pooled estimate.

with  normal parathyroid function:  nephrocalcinosis/
nephrolithiasis (median prevalence among all studies [15%]),
renal insufficiency (12%), cataract (17%), seizures (11%), arrhyth-
mia (7%), ischemic heart disease (7%), depression (9%), infection
(11%), and all-cause mortality (6%) (Tables 2 and 3).

In Part Il, we found that early PTH levels (within 24 hours) after
total thyroidectomy provided higher sensitivity and spedficity than
serum calcium levels to predict chronic hypoparathyroidism. PTH
values above the threshold of 10 pg/mL virtually rule out the

development of chronic hypoparathyroidism with a sensitivity of
close to 100% and assuming a low pretest probability (prevalence)
of hypoparathyroidism. The specificity of the early PTH values, by
contrast, is relatively low. Patients with a test of PTH values below
the threshold have a likelihood to develop long-term hypoparathy-
roidism that ranges from 3% to 66% depending on the prevalence
(pretest probability). We found no meaningful differences regarding
the varying thresholds used in the individual studies (see Table 6)
and timing of measurement (12 versus 24 hours after surgery).
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Strengths and limitations

In Part |, strengths include a comprehensive search; registration
of the study protocol before starting analysis with explicit expla-
nation of subsequent changes to the protocol; and application of
predefined criteria for the most credible and frequently occur-
ring symptoms and complications.

Limitations include more than one-half of included studies did
not aim to specifically investigate the complications or symp-
toms associated with chronic hypoparathyroidism and, as a
result, may have failed to report on some of the complications
and symptoms. Some studies reported the complications and
symptoms based on International Classification of Diseases
(ICD) codes or hospital records, which could underestimate their
prevalence. Clinical heterogeneity among studies prevented us
from pooling the prevalence data and limited our ability to draw
accurate conclusions regarding the true prevalence of complica-
tions and symptoms in patients with chronic hypoparathyroid-
ism. We did not include non-English-language publications and
did not perform a substantial review of the gray literature for
unpublished data. Last, when defining the complications related
to chronic hypoparathyroidism, we used at least “three studies™
reporting one criterion, which was based on the authors consen-
sus and might lead to missing of some complications.

Part Il represents the largest comprehensive review thus far
addressing the diagnostic values of measuring PTH and calcium
parameters to predict chronic hypoparathyroidism after total
thyroidectomy. Other strengths included an extensive literature
search; registering the study protocol before starting; evaluating
the quality of evidence using the GRADE approach; and postulat-
ing several possible explanations of heterogeneity (timing of
measurement, timing of determination of chronic hypoparathy-
roidism and thresholds) including a prior specification of direc-
tion. One of these proved compelling, demonstrating that
specificity decreased when assessing the presence of chronic
hypoparathyroidism at 12 rather than 6 months. This finding is
consistent with some patients recovering between 6 and
12 months. By stratifying different intervals of pretest probability
(disease prevalence), we calculated values for the posttest prob-
ability that are likely to be of use for clinicians and patients. Stud-
ies eligible for this review reported the prevalence of chronic
hypoparathyroidism between 1% and 29%.

Limitations include, because of the limited number of studies
in a planned subgroup analysis, inability to pool the sensitivity
and specificity—we used instead median and range and com-
pared overlap of Cls. Another limitation was that we restricted
the review to English-language publications and did not perform
a substantial review of the gray literature for unpublished data.

Comparison with other studies

In Part|, several previous reviews have addressed the symptoms or
complications in patients with chronic hypoparathyroidism,” 2119
none, however, evaluated the prevalence of these symptoms and
complications. In contrast, our review addressed both the preva-
lence of complications and symptoms and the relative estimates
in comparison to individuals with normal parathyroid function.

In Part Il, we identified one prior review that evaluated the pre-
dictive value of PTH and calcium for chronic hypoparathyroid-
ism.” This study focused on the identification of preoperative,
intraoperative, and postoperative factors that predict transient
hypoparathyroidism. Authors included only one study"og] when
addressing chronic hypoparathyroidism, limiting their power to

detect predictive values. Our review added an additional 17 diag-
nostic accuracy studies with thousands of patients.

Interpretation and application

In Part |, the studies comparing patients with chronic hypopara-
thyroidism to individuals with normal parathyroid function
enabled us to determine which complications and symptoms
were associated with chronic hypoparathyroidism. The eligible
studies suggest that the prevalence of a few identified symp-
toms and complications may vary among the patient popula-
tions. Existing guidelines"'®""®? addressing the long-term
complications of hypoparathyroidism were informed by limited
case studies or narrow reviews. Our findings would provide use-
ful information for the updating of future guidelines by remind-
ing clinicians and patients what complications and symptoms
should be avoided.

In Part Il, to predict the risk of developing long-term hypo-
parathyroidism by biochemical parameters measured 12—
24 hours after total thyroidectomy; PTH has a better predictive
value than calcium; chronic hypoparathyroidism should be
determined at 1 year rather than 6 months after surgery to avoid
overdiagnosis. In using the PTH test, clinicians can choose any of
the thresholds suggested in the existing studies (eg, <10 or 10-
15 pg/mL). For patients with a test result of PTH above the
threshold, the likelihood that patients’ parathyroid function will
recover is very high; they may not need postoperative treatment
with active vitamin D and calcium long-term. Patients with
immediate postoperative PTH values below the threshold may
experience chronic hypoparathyroidism; the likelihood is influ-
enced by the overall prevalence of chronic postoperative hypo-
parathyroidism in the clinicians’ institution. When the
prevalence is under 10%, no more than 30% of patients testing
below the threshold will develop chronic hypoparathyroidism.
When the prevalence is 20% less, less than 50% will experience
chronic hypoparathyroidism (Table 8). Therefore, patients and
clinicians should be vigilant to the possibility of long-term hypo-
parathyroidism in patients with a postoperative PTH test below
the threshold. Although our results emphasize the value of PTH
measurement in the diagnosis of postoperative hypoparathy-
roidism, postoperative parathyroid failure as an evolving process
remains incompletely understood.

Conclusion

The Part | presents 170 symptoms and complications occurring
in patients with chronic hypoparathyroidism and highlights the
nine that are most likely associated with chronic hypoparathy-
roidism. The Part Il supports the notion that a PTH value above
a threshold of 10 pg/mL 12-24 hours after total thyroidectomy
is a strong predictor that patients will not develop chronic hypo-
parathyroidism. Patients with PTH values below the threshold
need careful monitoring as some of them will develop chronic
hypoparathyroidism.
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Supplemental appendix 1. Detailed search strateqy for the PART |

MEDINE, MEDINE-in process (via OVID)
exp hypoparathyroidism/
HypoPT.mp.

hypoparathyroidism.tw.

lor2or3

exp complication/

complication*.tw. or symptom*.tw.
exp adverse events/

adverse events.tw. or side effect*.tw.
. S5or6or7or8

10. 4and 9

11. limit 10 to humans

CoNOOA~AWNE

EMBASE (Via OVID)

exp hypoparathyroidism/
HypoPT.mp.
hypoparathyroidism.tw.
lor2or3

exp complication/
complication*.tw. or symptom*.tw.
exp adverse events/

adverse events.tw. or side effect*.tw.
. Sor6or7or8

10. 4 and 9

11. limit 10 to humans

CoNOOA~MLONE

Cochrane library

1. (HypoPT):ti,ab,kw

2. MeSH descriptor: [Hypoparathyroidism] explode all trees
3. (hypoparathyroidism):ti,ab,kw

4. #1or#2or#3
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Su

pplemental appendix 2. Detailed search strateqy for the PART Il

MEDINE, MEDINE-in process (via OVID)

1.

n

Nogahkw

"Thyroidectomy"[Mesh] OR thyroid/surgery [mh] OR "thyroidectomy" OR "thyroidectomies" OR
"thyroid surgery" OR "thyroid surgeries" OR "thyroid removal" OR “thyroid resection” [tiab]
"Parathyroid Hormone"[Mesh] OR "Parathyroid Hormone-Related Protein"[Mesh] OR "parathyroid
hormone" OR "parathyroid hormones"[tiab]

"Calcium"[Mesh] or calcium [tiab]

Or/2-3

"hypoparathyroidism "[Mesh]) OR " HypoPT [tiab] OR hypoparathyroidism [tiab]

land4and 5

#6 NOT ((animals NOT ‘human'.sh)

Embase (via OVID)

1.

n

©NO AW

Co
1.
2.
3

‘thyroid surgery'/exp OR 'thyroid surgery' OR thyroidectom*:ab,ti OR 'thyroid surgery':ab,ti OR 'thyroid

surgeries":ab,ti OR 'thyroid removal':ab,ti or “thyroid resection” :ab,ti

'parathyroid hormone'/exp OR 'parathyroid hormone-related protein':ab,ti OR 'parathyroid
hormone':ab,ti OR 'parathyroid hormones':abti

‘calcium'/exp and ‘calcium':ab;ti

20r3

hypoparathyroidism/exp OR HypoPT: ti/ab OR hypoparathyroidism.abti.

land 4 and 5

‘animal’/exp NOT 'human'.sh

6 NOT 5

chrane library
MeSH descriptor: [Thyroidectomy] explode all trees
MeSH descriptor: [Thyroid Gland] explode all trees and with qualifier(s): [Surgery - SU]
"thyroidectomy" or "thyroidectomies" or "thyroid surgery" or "thyroid surgeries" or "thyroid removal"
:ti,ab,kw or “thyroid resection”: ti,ab,kw
OR/1-3
MeSH descriptor; [Parathyroid Hormone] explode all trees
MeSH descriptor: [Parathyroid Hormone-Related Protein] explode all trees
MeSH descriptor: [Calcium] explode all trees
"parathyroid hormone" or "parathyroid hormones" or “calcium”:ti,ab,kw
OR/5-8

. MeSH descriptor: [hypoparathyroidism] explode all trees
. Hypoparathyroidism or HypoPT: ":ti,ab,kw

. OR/10-11

. 4and9and 12

33



Ph.D. Thesis — Liang Yao; McMaster University— Health Research Methodology

7546 records identified through database searching Medline,

Medline In-Process, Embase, Cochrane Library 101 records from additional search

v

5764 records after duplicates removed

5432 studies irrelevant

v

\

332 full-text articles assessed for eligibility

237 full-text articles excluded, with reasons
88 conference abstracts/ registry information
21 non-English
23 non-chronic hypoparathyroidisms
56 letters, comments, reviews
20 case reports or case series< 10 cases
9 duplications
20 others

A 4

A

93 studies i 95 reports included in meta-analysis

Supplemental Figure 1: Study selection of Part |
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1612 potentially eligible trials identified 7 records identified through references
through literature search in PubMed,

EMBASE, and Cochrane Library

1098 records after duplicates removed

—» 980 irrelevant articles excluded

A
118 potentially relevant articles identified

101 articles excluded

9 review

15 duplicates
—» 43 no chronic hypoparathyroidism
26 not addressing diagnostic
properties
8 others

A
18 studies (17 reports) included in analysis

Supplemental Figure 2: Study selection of Part Il
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Supplemental Figure 3. Risk of bias assessment of Part Il
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Supplemental Figure 4. Publication bias to PTH test

Deeks' Funnel Plot Asymmetry Test

pvalue = 0.29
s
® \ O Study
\ ® e e Regression
\ Line

\

1/root(ESS)
i

1000

10 100
Diagnostic Odds Ratio

Supplemental Figure 5. Publication bias to calcium test
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Supplemental table 1. Characteristic of included studies (Part I)

Study Design Site Target at | Patients’ No. of | Mean/ | Mean/ | Female, N | No. of | Adult/ Clinical/IC

single arm investigat | sources chronic Media | Media % ost- Children | D

9 9 p
study/cohort e HypoPT | n age | n surgical
study) complicati /control (years) | duratio patients
on n (%)
(years)
Aggarwal Cohort India No Clinic 62/70 36.6 12 27 (44%) 0 Adult Clinical
2013t
Arlt 20022 Cohort Germany No Hospital 25/25 48.4 3 25 (100%) 25 (100%) | Adult Clinical
Chawla 2017% | Cohort India No Clinic 104/64 37.2 15.1 48 (46%) 0 Adult Clinical
Chou 2010* Cohort China Yes Hospital 19/38 56.4 9.3 14 (74%) 19 (100%) | Adult Clinical
Cipriani 2021° | Cohort Italy Yes Universit | 50/40 65.4 19 50 (100%) 50 (100%) | Adult Clinical
y of
Rome
Goswami Cohort India Yes Hospital 40/14 35.1 9.6 23 (58%) 0 Adult Clinical
2008°¢
Ketteler 20217 | Cohort USA Yes Database | 8097/40 | 58.6 >0.5 6173 (76%) NR Adult ICD codes
and 485
Gosmanova
20218
Kim 2020° Cohort Korea Yes Database | 210/207 | 39.2 9.5 131 (62%) 0 Adult ICD codes
5

Mazoni 2022%° | Cohort Italy Yes Clinic 89/89 49 7 70 (79%) 89 (100%) | Adult Clinical
Mendonca Cohort Brazil No Hospital 16/17 62.3 15.3 16 (100%) 16 (100%) | Adult Clinical
20134
Meola 2018%2 Cohort Italy No Hospital 90/142 52 9 68 (76%) 90 (100%) | Adult Clinical
Starr 2020%3 Cohort USA No Hospital 17/17 445 8.2 14 (82%) 14 (82%) Adult Clinical
Tabacco Cohort USA Yes Clinic 51/43 52.6 9.1 40 (92%) 51 (100%) | Adult Clinical
2018
Tasli 2020'° Cohort Turkey No Hospital 35/40 48.1 0.6 23 (66%) 31 (89%) Adult Clinical
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Underbjerg Cohort Denmark Yes Database | 688/206 | 49 8.4 603 (88%) 688 Adult ICD codes
2013'®  and 4 (100%)
Underbjerg
20147
Underbjerg Cohort Denmark Yes Database | 180/540 | 49.7 Chroni | 95 (53%) 0 Adult ICD codes
20158 c
Vadiveloo Cohort UK Yes Database | 280/130 | 51.6 Chroni | 194 (69%) 116 (41%) | Adult ICD codes
2019%° 1 c
Zavatta 2021%° | Cohort USA Yes Database | 142/426 | 44 11 94 (66%) 114 (80%) | Adult ICD codes
Almquist Single arm Sweden No Database | 246 45.5 4.4 210 (85%) 246 Adult ICD codes
20182 (100%0)
Ballesteros Single arm Mexico Yes Hospital 39 46.2 6.1 33 (85%) 39 (100%) | Adult Clinical
20207
Bernardor Single arm France No Hospital 10 10.7 >1 4 (40%) 1 (10%) Children | Clinical
202123
Bertocchio Single arm France No Hospital 107 51 10 76 (71%) 79 (74%) Adult Clinical
20222
Bhadada Single arm India Yes Hospital 97 28.7 1.8 45 (46%) 0 both Clinical
20112
Bilezikian Single arm USA No 11 us | 42 48.4 >15 35 (83%) NR Adult Clinical
20172 sites
Bilginer 202227 | Single arm Turkey No Clinic 64 48.6 5 52 (81%) 64 (100%) | Adult Clinical
Brod 2020% single arm USA Yes NR 42 53 14 35 (83%) 36 (86%) Adult Clinical
Bruckner Single arm Germany No Hospital 33 37 15.9 18 (55%) 33 (100%) | Adult Clinical
20162°
Chen 1998%° Single arm China No Hospital 12 30.6 8.9 12 (100%) 7 (58%) Adult Clinical
Chen 20193 Single arm US, the | Yes Endocrin | 614 43.6 3.8 378 (62%) 457 (74%) | Adult ICD codes

UK, ology

France, practice

Germany, setting

Italy,

Spain,

and

Canada
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Coudenys Single arm Belgium No Hospital 101 50 6.6 80 (79%) 101 Adult Clinical
2019% (100%)
CusaNo Single arm USA No Hospital 54 46 13 40 (74%) 27 (50%) Adult Clinical
20133
CusaNo Single arm USA No Medical 27 51 20 20 (74%) 16 (59%) Adult Clinical
20133 Center
CusaNo Single arm USA No Medical 69 46 12 55 (80%) 42 (61%) Adult Clinical
201435 Center
CusaNo Single arm USA No Hospital 33 47 6 24 (73%) 19 (58%) Adult Clinical
202036
David 2019% Single arm Belgium Yes Hospital 170 58.1 16.6 103 (61%) 143 (84%) | Adult Clinical
Gafni 201838 Single arm USA No NR 31 39.5 >1 25 (81%) 20 (65%) | Adult Clinical
Gittoes 2021%° | Single arm North Yes NR 737 49.1 10.1 587 (80%) 547 (74%) | Adult Clinical
America,
Europe
Goswami Single arm India No Clinic 51 33.1 7 22 (43%) 0 Adult Clinical
200440
Goswami Single arm India Yes Clinic 145 31.7 7.4 68 (47%) 0 Adult Clinical
20124
Gronskaia Single arm Russia No Hospital 200 45.4 >0.5 171 (86%) 165 (83%) | Adult Clinical
2020%?
Hadker 20144 | Single arm USA Yes Associati | 374 49.4 12.6 318 (85%) 293 (78%) | Adult Clinical
on
Hamdy 2020%* | Single arm Belgium, Yes NR 97 48.5 5.1 66 (68%) 67 (69%) Adult Clinical
Netherlan
ds
Hepsen Single arm Turkey No Hospital 160 47.2 7 141 (88%) 127 (79%) | Adult Clinical
2020%
Huddle 1989% | Single arm Black Yes NR 12 18-72 | 1-35 12 (100%) 0 Adult Clinical
South
Africans
Karen 202047 Single arm USA No Clinic 27 4-67 17.6 18 (67%) 0 both Clinical
Khan 202148 Single arm Canada Yes Universit | 130 54 12 99 (76%) 91 (70%) Adult Clinical
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Y,
specializ
ed
academic
and
communit
y centers
Khan 2021b*® | single arm NR No NR 59 30.6 NR 48 (81%) 47 (80%) Adult Clinical
Kim 2015 Single arm Korea Yes NR 37 0.1 7 14 (38%) 0 Children | Clinical
KoncaDegerte | Single arm Turkey Yes Database | 830 49.6 9.7 674 (81%) 686 (83%) | Adult ICD codes
kin 202251
Kovaleva Single arm Russia Yes Database | 544 55 >0.5 470 (86%) 480 (88%) | both ICD codes
202252
Lakatos Single arm Hungary No Hospital 24 52.7 15.1 21 (88%) 20 (83%) Adult Clinical
201653
Laway 2006%* | Single arm India No Clinic 47 34.6 9.6 24 (51%) 0 Adult Clinical
Levy 2015% Single arm Canada Yes Hospital 29 111 9.1 14 (48%) 1 (3%) Children | Clinical
Leyre 2017 Single arm Spain Yes Hospital 32 51.2 6.5 29 (91%) 32 (100%) | Adult Clinical
Liu 202057 Single arm China Yes Hospital 94 36.2 14 52 (55%) 0 Adult Clinical
Lopera 2020% | Single arm Colombia | Yes Hospital 108 51.6 >0.5 99 (92%) 101 (94%) | Adult Clinical
Lopes 2016 Single arm Brazil Yes Hospital 55 445 11.2 42 (76%) 41 (75%) Adult Clinical
Lui 20218° Single arm China Yes Database | 460 49 NR 390 (85%) 460 Adult ICD codes
(100%)
Mannstadt Single arm USA, No Hospital 134 47.5 13 105 (78%) 99 (74%) Adult Clinical
201361 Canada,
Denmark,
Hungary,
Belgium,
France,
Italy, the
UK
Mannstadt Single arm USA No 12 us | 49 48.1 15.9 40 (82%) NR Adult Clinical
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201962 centers
Marcucci Single arm USA No NR 12 48.6 12.6 7 (58%) 9 (75%) Adult Clinical
2021%3
Marcucci Single arm Italy No 9 ltalian | 25 32 >1 25 (100%) 21 (84%) Adult Clinical
202154 centers
Marcucci Single arm Italy No 11 ltalian | 14 50.5 25.3 13 (93%) 11 (79%) Adult Clinical
2022%5 centers
Mitchell Single arm USA Yes Hospital 120 52 7.4 88 (73%) 79 (66%) Adult Clinical
201256
Modi 201457 Single arm India No Hospital 70 23.5 135 37 (53%) 0 Adult Clinical
Onder 2021%8 | single arm Turkey No Medical 107 49.3 10 97 (91%) 107 Adult Clinical
Center (100%)
Palermo Single arm Italy No 9 ltalian | 42 55.8 2 38 (91%) 42 (100%) | Adult Clinical
2018°%° centers
Rubin 20087 Single arm USA No Hospital 33 48.2 17 24 (73%) 18 (55%) Adult Clinical
Rubin 20107 Single arm USA No Hospital 30 49 19 22 (73%) 15 (50%) Adult Clinical
Rubin 201672 Single arm USA No Hospital 33 47 17.4 26 (79%) 20 (61%) Adult Clinical
Rubin 201673 Single arm USA No Medical 58 46 10 42 (72%) 34 (59%) Adult Clinical
Center

Rujul 20207 single arm India Yes Hospital 32 27.2 5.9 12 (38%) 0 Adult Clinical
Saha 20177° Single arm India No Clinic 101 34 14.1 NR 0 Adult Clinical
Saha 20197 Single arm India No Clinic 92 25 15 45 (49%) 0 Adult Clinical
Saha 202077 Single arm India Yes Clinic 165 40 15 75 (46%) 0 Adult Clinical
Shrikrishna single arm India Yes Hospital 23 41.2 4 20 (87%) 23 (100%) | Adult Clinical
202178
Siggelkow Single arm Australia, Yes NR 398 51.7 8.7 310 (78%) 318 (80%) | Adult ICD codes
20207 Brazil,

Canada,

Denmark,

France,
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Germany,
Italy,
Japan,
Norway,
Spain,
Sweden,
UK, USA
Storm 20218 Single arm Denmark No Hospital 24 54 >0.5 17 (71%) 24 (100%) | Adult Clinical
Streeten Single arm USA No Hospital 30 55.2 135 23 (77%) 21 (70%) Adult Clinical
20178
Sumida Single arm Japan No Hospital 19 713 1 9 (47%) 18 (95%) Adult Clinical
201682
Tabacco Single arm Ireland No Hospital 20 49 8 16 (80%) 12 (60%) Adult Clinical
20198
Tay 20198 Single arm USA No Hospital 24 46.2 29.9 18 (75%) 13 (54%) Adult Clinical
Underbjerg Single arm Danish Yes Database | 431 41 12.7 351 (81%) 380 (88%) | Adult Clinical
2018%
Wang 200986 Single arm China No Hospital 24 36.5 8.2 16 (67%) 6 (25%) Adult Clinical
Wang 202087 Single arm China No Hospital 160 20 >6 NR 0 Children | Clinical
Wilde 202088 Single arm Germany No Hospital 49 57.3 12.6 41 (84%) 49 (100%) | Adult Clinical
Winer 1996%° Single arm USA No National 10 46.5 16.5 4 (40%) 4 (40%) Adult Clinical
Institutes
of Health
(NIH)
patients
and
outside
physician
s
Winer 1998% | Single arm USA No Hospital 17 41.5 19 13 (77%) 9 (53%) Adult Clinical
Winer 2003 Single arm USA No NR 27 18-27 | 1-36 17 (63%) 11 (41%) | Adult Clinical
Winer 2008% Single arm USA No Clinical 14 4-17 1-11 4 (29%) 1 (7%) Children | Clinical
research
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center
Winer 2010% Single arm USA No Hospital 12 5-14 NR 8 (75%) 0 Children | Clinical
Winer 2018% Single arm UK Yes Clinic 14 10.5 8.6 9 (64%) 0 Children | Clinical
gggcgsetta single arm Argentina | Yes Hospital 322 55.2 10.9 276 (86%) 292 (91%) | Adult Clinical
1
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Supplemental table 2. risk of hias of single-arm (case-series) studies

Score (risk of

Study QL |Q2 | Q3 | Q4 | Q5 |Q6 | Q7 | Q8 | Q9 | o (
Aggarwal 2013 Yes | Yes | CD | Yes | Yes | Yes | CD | Yes | Yes | 7 (low)
Almquist 201821 Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Arlt 20022 Yes | Yes | NR | Yes | Yes | Yes | Yes | Yes | Yes | 8 (low)
Ballesteros 20202 Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Bernardor 202123 Yes | Yes | NR | Yes | Yes | Yes | Yes | Yes | Yes | 8 (low)
Bertocchio 2022 % Yes | Yes | NR | Yes | No | Yes | Yes | Yes | Yes | 7 (low)
Bhadada 2011% Yes | Yes | No | Yes | No | Yes | Yes | Yes | Yes | 7 (low)
Bilezikian 2017%¢ Yes | Yes | NR | Yes | Yes | Yes | Yes | Yes | Yes | 8 (low)
Bilginer 202227 Yes | Yes | Yes | Yes | No | Yes | Yes | Yes | Yes | 9 (low)
Brod 2020% Yes | No | No | Yes | Yes | Yes | Yes | Yes | Yes | 7 (low)
Bruckner 20162° Yes | Yes | Yes | No | Yes | Yes | Yes | Yes | Yes | 8 (low)
Chawla 20173 Yes | Yes | Yes | Yes | NA | Yes | CD | Yes | Yes | 7 (low)
Chen 1998%° Yes | No |CD | CD | Yes | Yes | Yes | No | Yes | 6 (moderate)
Chen 20193 Yes | Yes | Yes | CD | Yes | Yes | Yes | Yes | Yes | 8 (low)
Chou 2010* Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Cipriani 20215 Yes | Yes | Yes | Yes | No | Yes | Yes | Yes | Yes | 9 (low)
Coudenys 2019% Yes | Yes | NR | Yes | Yes | Yes | No | Yes | Yes | 8 (low)
Cusano 2013a** Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Cusano 2013b% Yes | Yes | Yes | No | Yes | Yes | Yes | Yes | Yes | 8 (low)
Cusano 2014% Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Cusano 20203 Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
David 2019% Yes | Yes | Yes | No | Yes | Yes | Yes | Yes | Yes | 8 (low)
Gafni 20183 Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Gittoes 20213° Yes | Yes | Yes | No | Yes | Yes | Yes | Yes | Yes | 8 (low)
Goswami 20044 Yes | Yes | Yes | No | No | Yes | Yes | Yes | Yes | 7 (low)
Goswami 20086 Yes | Yes | Yes | Yes | NR | Yes | Yes | Yes | Yes | 8 (low)
Goswami 20124 Yes | Yes | Yes | No | NA | Yes | Yes | Yes | Yes | 7 (low)
Gronskaia 202042 Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Hadker 201443 Yes | Yes | CD | No | NA | Yes | CD | Yes | Yes | 5 (moderate)
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Hamdy 20204 Yes | No | No | Yes | Yes | Yes | Yes | Yes | Yes | 7 (low)
Hepsen 20204 Yes | Yes | Yes | Yes | NA | Yes | NA | Yes | Yes | 7 (low)
Huddle 1989 Yes | Yes | NR | Yes | Yes | Yes | No | Yes | Yes | 7 (low)
Karen 20204 Yes | Yes | Yes | No | Yes | Yes | Yes | Yes | Yes | 8 (low)
Ketteler 20217and Gosmanova 20218 Yes | Yes | CD | Yes | No | Yes | Yes | Yes | Yes | 7 (low)
Khan 202148 Yes | Yes | CD | Yes | NA | Yes | NA | Yes | Yes | 6 (moderate)
Khan 2021b%° Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Kim 2015% Yes | Yes | CD | Yes | NA | Yes | Yes | Yes | Yes | 7 (low)
Kim 2020° Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
KoncaDegertekin 202251 Yes | Yes | CD | Yes | No | Yes | Yes | Yes | Yes | 7 (low)
Kovaleva 202252 Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Lakatos 201653 Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Laway 2006>* Yes | Yes | Yes | Yes | NA | Yes | Yes | Yes | Yes | 8 (low)
Levy 2015% Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Leyre 20175 Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Liu 20207 Yes | Yes | Yes | Yes | NA | Yes | CD | Yes | Yes | 7 (low)
Lopera 20208 Yes | Yes | Yes | NR | Yes | Yes | Yes | Yes | Yes | 8 (low)
Lopes 2016%° Yes | Yes | Yes | No | Yes | Yes | Yes | Yes | Yes | 8 (low)
Lui 202160 Yes | Yes | CD | CD | No | Yes | CD | Yes | Yes | 5(moderate)
Mannstadt 20136 Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Mannstadt 2019652 Yes | Yes | NR | Yes | Yes | Yes | Yes | Yes | Yes | 8 (low)
Marcucci 2021%* Yes | Yes | CD | CD [ No | Yes | CD | Yes | Yes | 5 (moderate)
Marcucci 202163 Yes | Yes | CD | Yes | Yes | Yes | No | Yes | Yes | 7 (low)
Marcucci 202265 Yes | Yes | CD | CD | Yes | Yes | Yes | Yes | Yes | 7 (low)
Mazoni 202210 Yes | Yes | CD | Yes | No | Yes | Yes | Yes | Yes | 7 (low)
Mendonca 2013 Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Meola 20182 Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Mitchell 201266 Yes | Yes | Yes | No | Yes | Yes | Yes | Yes | Yes | 8 (low)
Modi 201457 Yes | Yes | Yes | No Yes | Yes | Yes | Yes | Yes | 8 (low)
Onder 2021%8 Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Palermo 20186° Yes | Yes | CD | No | Yes | Yes | Yes | Yes | Yes | 7 (low)
Rubin 20087 Yes | Yes | Yes | No | Yes | Yes | Yes | Yes | Yes | 8 (low)
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Rubin 20107 Yes | Yes | NR | Yes | Yes | Yes | Yes | Yes | Yes | 8 (low)
Rubin 2016a" Yes | Yes | NR | Yes | Yes | Yes | Yes | Yes | Yes | 8 (low)
Rubin 2016b™ Yes | Yes | Yes | Yes | NA | Yes | Yes | Yes | Yes | 8 (low)
Rujul 20207 Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Saha 20177 Yes | Yes | Yes | No | NA | Yes | Yes | Yes | Yes | 7 (low)
Saha 20197¢ Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Saha 202077 Yes | Yes | NR | Yes | Yes | Yes | No | Yes | Yes | 7 (low)
Shrikrishna 202178 Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Siggelkow 20207° Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Starr 20203 Yes | Yes | CD | No | Yes | Yes | Yes | Yes | Yes | 7 (low)
Storm 202180 Yes | Yes | Yes | CD | Yes | No | Yes | Yes | Yes | 7 (low)
Streeten 201781 Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Sumida 201682 Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Tabacco 2018 Yes | Yes | Yes | Yes | NA | Yes | NA | Yes | Yes | 7 (low)
Tabacco 20198 Yes | Yes | CD | Yes | Yes | Yes | Yes | Yes | Yes | 8 (low)
Tasli 20205 Yes | Yes | CD | Yes | Yes | Yes | Yes | Yes | Yes | 8 (low)
Tay 20198 Yes | Yes | NR | Yes | Yes | Yes | Yes | Yes | Yes | 8 (low)
Underbjerg 20136 and 20147 Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Underbjerg 20158 Yes | Yes | Yes | CD | Yes | Yes | CD | Yes | Yes | 7 (low)
Underbjerg 2018% Yes | Yes | Yes | No | Yes | Yes | Yes | Yes | Yes | 8 (low)
Vadiveloo 2019*° Yes | Yes | Yes | Yes | NA | Yes | Yes | Yes | Yes | 8 (low)
Wang 200986 Yes | Yes | NR | Yes | Yes | Yes | Yes | Yes | Yes | 8 (low)
Wang 202087 Yes | Yes | Yes | No No No Yes | Yes | No 5 (moderate)
Wilde 202088 Yes | Yes | Yes | Yes | NA | Yes | NA | Yes | Yes | 7 (low)
Winer 19968° Yes | Yes | Yes | Yes | Yes | Yes | CD | Yes | Yes | 8 (low)
Winer 1998% Yes | Yes | Yes | No | Yes | Yes | Yes | Yes | Yes | 8 (low)
Winer 20039 Yes | Yes | NR | Yes | Yes | Yes | Yes | Yes | Yes | 8 (low)
Winer 20089 Yes | Yes | CD | Yes | Yes | Yes | CD | Yes | Yes | 7 (low)
Winer 2010% Yes | Yes | NR | Yes | Yes | Yes | Yes | Yes | Yes | 8 (low)
Winer 2018% Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
Zanchetta 2021% Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | 9 (low)
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Zavatta 20212° | Yes ‘ Yes ‘ CD | Yes ‘ Yes ‘ Yes | Yes ‘ Yes ‘ Yes | 8 (low)

CD = cannot determine

The NIH Quality Assessment Tool for Case Series Studies poses nine questions. Q1: Was the study
guestion or objective clearly stated? Q2: Was the study population clearly and fully described, including a
case definition? Q3: Were the cases consecutive? Q4: Were the subjects comparable? Q5: Was the
intervention clearly described? Q6: Were the outcome measures clearly defined, valid, reliable, and
implemented consistently across all study participants? Q7: Was the length of follow-up adequate? Q8:
Were the statistical methods well-described? Q9: Were the results well-described
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Supplemental table 3. Risk of bias of cohort studies

Score (risk of

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 bias)
Aggarwal 2013 definitely yes Sgginitely probably no Sg;initely probably no | definitely yes | definitely yes | definitely no | 5 (moderate)
Arlt 20022 definitely yes S:;initely probably no S:;initely probably no | definitely yes | definitely yes | definitely no | 5 (moderate)
Chawla 2017° definitely yes ngnitely definitely yes ngnitely probably no | definitely yes | probably yes | definitely no | 6 (moderate)
Chou 2010* definitely yes S:;initely definitely yes S:;initely probably no | definitely yes | definitely yes | definitely no | 6 (moderate)
Cipriani 20215 definitely yes S:;initely definitely yes Sg;initely probably no | definitely yes | definitely yes | definitely no | 6 (moderate)
Goswami 2008° definitely no ngnitely probably yes | probably yes See;initely definitely yes | definitely yes | definitely no | 6 (moderate)
éit;ﬁi;ovzozzéﬁgd definitely yes Sg;initely definitely no Sg;initely probably no | definitely yes | definitely yes | definitely no | 5 (moderate)
Kim 2020° definitely no S:;initely definitely yes S:;initely definitely no | definitely yes | definitely yes | definitely no | 5 (moderate)
Mazoni 202210 definitely yes Sg;initely definitely yes Sg;initely probably no | definitely yes | definitely yes | definitely no | 6 (moderate)
Mendonca 2013 definitely yes Sg;initely definitely yes Sg;initely probably no | definitely yes | definitely yes | definitely no | 6 (moderate)
Meola 2018%? definitely yes Sg;initely definitely yes Siinitely definitely no | definitely yes | definitely yes | definitely no | 6 (moderate)
Starr 202013 definitely no Sgg”“e'y definitely no ngnite'y definitely no | definitely yes | definitely yes | definitely no | 4 (high)
Tabacco 2018 definitely yes Sg;initely definitely yes S:Linitely probably no | definitely yes | definitely yes | definitely no | 6 (moderate)
Tasli 20205 definitely no probably yes | probably no Sg;initely See;initely definitely yes | probably yes | definitely no | 5 (moderate)
;Jr?éjezrobiirg 2013% definitely no S(ee;initely probably no ngnitely Sgcébably definitely yes | definitely yes | definitely no | 5 (moderate)
Underbjerg 20158 definitely yes | definitely definitely yes | definitely probably no | definitely yes | probably yes | definitely 7 (low)
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yes yes yes
Vadiveloo 2019%° definitely no Sggnltely definitely no Sggnltely probably no | definitely yes | definitely yes | definitely no | 4 (high)
Zavatta 20212° definitely yes Ssznltely definitely yes Sggnltely probably no | definitely yes | definitely yes | definitely no | 6 (moderate)

Note: Q1: Was selection of exposed and non-exposed cohorts drawn from the same population? Q2: Can we be confident in the assessment of

exposure? Q3: Can we be confident that the outcome of interest was not present at start of study? Q4: Did the study match exposed and

unexposed for all variables that are associated with the outcome of interest or did the statistical analysis adjust for these prognostic variables? Q5:

Can we be confident in the assessment of the presence or absence of prognostic factors? Q6: Can we be confident in the assessment of

outcome? Q7: Was the follow up of cohorts adequate? Q8: Were co-interventions similar between groups?

Supplemental table 4. Complications/symptoms (<2 included studies) in patients with chronic hypoparathyroidism versus control population

Complication/symptom

No. of studies

No. of patients/ control

Crude OR
(95%CI)

Adjusted HR/OR
(95%Cl)

Musculoskeletal and connective tissue disorders

Ankle or foot fracture

Atypical femur fracture

Forearm fracture

Proximal femur fracture

Pelvic fracture

Hip fracture

Multiple vertebrae fracture

Sacroiliitis

Spondyloarthropathy

Musculoskeletal compromise

Pain

Bone pain

Brain/central nervous system

Basal ganglia calcification

Headache

Insomnia

21718
21718
21718
21718
21718
19
13
16
16
120

14

2620

120
14

50

868/2604
868/2604
868/2604
868/2604
868/2604
210/2075
104/64
40/14
40/14
142/426

19/38

181/440

142/426
19/38

1.43 (0.81, 2.52)
1.29 (0.49, 3.36)
1.12 (0.74, 1.71)
1.00 (0.61, 1.63)

9.03 (0.37, 222.74)

0.43 (0.03, 7.26)

15.87 (0.92, 274.06)
9.98 (0.55, 182.37)
15.87 (0.88, 285.8)

1.20 (0.80, 1.81)

1.20 (0.27, 5.30)

5.61 (3.41, 9.22)

0.84 (0.58, 1.24)
0.51 (0.17, 1.59)
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Sleep disorders
Cardiovascular and metabolic disorders
Heart failure
Hypertension
Neuropsychiatric
Already significant impairment of mood
Ataxia/lack of coordination
Cognitive impairment or dementia
Hostility
Mannerism and posturing
Memory loss or forgetfulness
Parkinsonism
Presence of guilt feelings
Severe impairment of well-being and mood
Somatic concern
Tension
Metabolism and nutrition disorders
Diabetes
Dyslipidemia
Hypocalcemia
Infections and infestations
Infections in the upper airways
Urinary tract infections
Skin
Skin itching
Eye
Papilledema
Other

General weakness

120

289
2820

12
120
120
11
11
120
120
11
12
11
11

2820

120
15

2 1718

2 1718

14

14

51

142/426

8307/42560
8239/40911

25/25
142/426
142/426
25/25
25/25
142/426
142/426
25/25
25/25
25/25
25/25

8239/40911

142/426

50/40

868/2604
868/2604

19/38

70/80

19/38

1.38 (0.94, 2.03)

2.58 (2.31, 2.88)
2.24 (2.13, 2.35)

1.83 (0.39, 8.67)
0.83 (0.54, 1.27)
0.85 (0.51, 1.41)
11.29 (1.29, 98.89)
5.43 (0.25, 118.96)
1.10 (0.60, 2.02)
0.95 (0.37, 2.41)
4.57 (0.47, 44.17)
2.92 (0.87, 9.78)
17.00 (0.90, 320.37)
5.09 (1.45, 17.92)

2.23 (2.10, 2.37)
1.39 (0.95, 2.03)

54.44 (3.17, 936.02)

1.96 (1.54, 2.49)
1.93 (1.44, 2.58)

2.41 (0.76, 7.66)

0.72 (0.23, 2.23)

2.43 (1.22, 4.83)
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Tremor

120

142/426

1.17 (0.66, 2.09)

Supplemental table 5. The prevalence of complications/symptoms (reported by >2 included studies) in all patients with chronic

hypoparathyroidism

Complication/Symptom

No. of studies (No. of patients)

Median (IQR, %)

Musculoskeletal and connective tissue disorders

Any fracture 29 (5091) 359111317-19 22 33343643 4451 52 545657 60 66 71-7378 79 82 84 95 13 (4’ 19)
Vertebra fracture 9 (2666) 35911 1718515266 4(2,18)
Upper extremities fracture 8 (2572) 917183351526673 73,12
Lower extremities fracture 7 (2028) 9171833516673 4(2,9)
Ankle or foot fracture 6 (1532) 171833526673 4(2,5)
Humerus or wrist fracture 5 (1176) 917183366 3(2,4)
Pelvic fracture 4 (1466) 17183352 1(0,1)
Arm fracture 3(912) 171866 9(2,11)
Muscle spasms 21 (3086) 525 26 2829 39 40 42-44 46 5354 53 61 62 64 74 86 87 95 59 (20, 70)
Tetany 12 (2619) 52939 42-4446 5354 6164 95 13 (11, 65)
Decreased bone mineral density 5 (1888) 522384351 6 (4, 6)
Carpopedal spasm 4 (263) 25587487 64 (38, 70)
Muscular weakness 4 (825) 28398687 27 (9, 53)
Pain
Bone pain 6 (858) 42838399093 11 (8, 29)
Muscle pain 6 (2223) 313943616995 12 (7, 23)
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Joint pain 4 (1767) 28313943 20 (14, 44)
Back pain 3 (920) 396162 16 (13, 20)
Extremity pain 3 (895) 395361 10 (8, 13)
Gastrointestinal disorders
Constipation 5 (1861) 2231394344 11 (10, 22)
Nausea 4 (1262) 30436190 14 (7, 25)
Brain/central nervous system
Intl’acranial CaICification 33 (3698) 356920343740 41 44 46 48 50-52 54 58 59 63 66-68 70 72-77 79 84 94 95 25 (9, 68)
Basal ganglia calcification 22 (1662) 35620344146 48 50 52 58 59 63 66-68 70 72-74 84 95 29 (9, 55)
Headache 7 (2067) 20283139 435361 17 (15, 42)
Sleep disorders 3(1130) 52043 44 (9, 57)
Impaired neurological 3 (1050) 543 27 (5, 35)
Cardiovascular and metabolic disorders
Hypertension 10 (10519) 7122027313251616279 23 (12, 41)
Heart failure 5 (8876) 79444660 4 (3, 6)
Myocardial infarct 4 (1908) 9161851 2(1,4)
Stroke 4 (1538) 9161860 5(4,7)
Neuropsychiatric
Anxiety 9 (2935) 11718313943 446162 14 (4, 25)
Neuropschiatric disease 5 (1668) 18275152 8 (5, 20)
Memory loss or forgetfulness 4 (1227) 20253143 11 (10, 36)
Irritability 4 (1117) 25314374 28 (15, 45)
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Cognitive impairment or dementia 3 (1586) 52051 3(0, 16)
Parkinsonism 3 (1034) 12051 3(1,4)
Impaired wellbeing 3(432) 2243 48 (37, 61)
Inability to focus or concentrate 3 (1000) 3r4363 15 (8, 65)
Respiratory problems
Sinusitis 3 (225) 266162 6 (2, 31)
Shortness of breath 3 (680) 52853 7(1,8)
Metabolism and nutrition disorders
Diabetes 11 (10925) 371220273132516064 79 12 (4, 20)
Hypocalcemia 7 (1415) 5102351526580 48 (40, 71)
Hypercalcemia 5 (1448) 2351528083 8 (3, 10)
Hypercalciuria 5 (8296) 748596589 29 (24, 36)
Infections and infestations
Infections in the upper airways 6 (1119) 171826616287 11 (7, 27)
Urinary tract infections 3(917) 171862 17 (7, 18)
Other
ParestheSia 13 (2813) 25 31 39 42-44 53 58 61 62 64 74 95 31 (271 54)
Fatigue 9 (2071) 283139 434453617490 35 (17, 82)
Chvostek’s sign 4 (172) 30587486 55 (20, 88)
Trousseau's sign 4 (172) 30587486 77 (36, 98)
Hearing loss 4 (509) 3435087 13 (7, 48)
Dental problems 3 (503) 254374 25 (8, 29)
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Supplemental table 6. Characteristics of included studies (Part 1)

Study Country | Design Total | Mean | N, % | N, % | N, % total | Predicto | Diagnostic criteria of Chronic | N, % | N, % | Monitoring
N age, Femal | Childre | thyroidecto rs Hypoparathyroidism Chronic receiving by
y e n my Hypoparat | auto endocrinolog
hyroidism transplantat | ist
ion
Chang China prospecti 143 56 114(8 0 143(100) PTH serum PTH<15 pg/mL; Ca | 11(8) 0 NR
2020% ve 0) and/or vitamin D administration
was required 12 months after
surgery
Loncar Netherl prospecti 81 53 59(73) 0 64 (80) PTH Persistent need for calcium | 14 (17) NR Yes
2020% and ve supplementation 12 months
after surgery.
Palmhag Sweden | prospecti 39 46 31(79) 0 39(100) PTH Patients still in need of | 1(3) 8 (20) NR
2020a% ve medication with active vitamin D
and/or calcium at 12 months
after surgery.
Sala 2019%° | Romani | prospecti | 134 | 52 118(8 0 134(100) PTH; Patients  with  biochemical | 8 (6) NR NR
a ve 8) Serum hypocalcemia at 6 months after
Ca surgery were confirmed to have
permanent hypoparathyroidism.
Suwannasa | Thailan prospecti 65 43 56 0 61(94) PTH ongoing requirement for | 19 (29) 0 NR
rn 2017100 d ve (86) supplementation of calcium and
active vitamin D beyond 6
months.
Gupta India prospecti 90 41 76(85 0 90(100) PTH; serum PTH <14 pg/ml; | 10 (11) NR NR
2015101 ve Serum duration> 6months after surgery
) Ca
Ezzat Egypt prospecti 52 36 45(86) 0 52(100) PTH; serum PTH <15pg/mL, 5 (10) NR NR
2017102 ve duration> 3 months after
surgery.
Hermann Austria prospecti | 402 54 319(7 0 343(85) PTH; serum PTH <6 pg/ ml, calcium < | 6(1) 41(10) NR
2008103 ve 9) Serum 2.1 mmol/L, or calcium and/or
Ca vitamin D treatment was
necessary to treat for more than
12 months.
Palmhag Sweden | retrospect | 366 43 318(8 0 366(100) PTH Patients still in need of active | 11 (3) 63(17) NR
2020h% ive 7) vitamin D and/or calcium at 12

months after surgery.
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Zheng China retrospect | 546 51 388(7 0 546(100) PTH; serum PTH<15 pg/mL; requiring | 22(4) 0 NR
202004 ive 1) Serum calcium and/or vitamin D
Ca supplementation for 6 months
postoperatively
Canu Italy retrospect | 75 49 59(79) 0 75(100) PTH serum PTH <10pg/mL for more | 14 (19) 0 NR
2019105 ive than 12 months.
Espino Spain retrospect | 481 53 392(8 0 481(100) PTH; serum PTH <15 pg/ml, need for | 28(6) 0 Yes
2019106 ive 2) Serum calcium and vitamin D
Ca supplementation more than 12
months after surgery.
Wang China retrospect | 110 42 78 0 110(100) PTH; serum PTH<15 pg/mL; serum | 10 (9) NR NR
2018 107 ive (71) Serum calcium < 2.0 mmol/L; the need
Ca to receive calcium or vitamin D
supplementation for more than
6 months.
Selberherr Austria retrospect | 237 54 191(8 0 237(100) PTH; serum PTH <15 pg/mL; serum | 2(1) 53(22) NR
2015108 ive 1) Serum calcium <2.0 mmol/L; for more
Ca than 6 months
Wang China retrospect | 438 47 352 0 438(100) PTH; serum PTH levels <15 pg/ml; | 12 (3) 39(9) NR
2015109 ive (80) Serum calcium <2.00 mmol/L; calcium
Ca and/or vitamin D
supplementation were
necessary for more than 12
months.
Julian Spain retrospect | 70 51 65(93) 0 70(100) PTH; serum PTH<15 pg/ ml; requiring | 5 (7) 0 Yes
2013110 ive Serum calcium and/or vitamin D
Ca supplementation
postoperatively for 6 months
Luigi Canu | Italy retrospect | 426 54 309 0 426(100) PTH PTH levels below the normal | 29(7) 7(1.64) NR
2022111 ive (72.54 range for more than 12 months.
)
Riordan Ireland retrospect | 570 50 487 0 521(91) PTH any calcium level < 2.10 mmol/l | 30(5) NR NR
2022112 ive (85.4) > 6 months postoperatively, or
any need for calcium and/or
vitamin
D >6 months postoperatively,
irrespective of PTH or calcium
levels.
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Supplemental table 7. descriptive analysis of diagnostic accuracy of measuring early PTH/calcium to predict chronic

hypoparathyroidism.

PTH/calcium cut-off :\Ie%ortg patients - (No.  of Sensitivity/ median (range), % | Specificity/ median (range), %
PTH <10 3666 (12) 100(90-100) 83(18-88)

PTH 10-15 488 (4) 97 (82-100) 82 (72-94)

PTH change of >50% 81 (1) 100 75

PTH absolute <9.3 & change >86% 90 (1) 100 98

Calcium <1 481 (1) 92 65

Calcium 1-2 2027 (8) 92(58-100) 78(50-88)
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Supplemental table 8. Summary of findings (GRADE)

Outcome No of Study Test property, Test Effect per 1,000 patients tested Quality of
studies design | (95%) result evidence
(No of pre-test pre-test pre-test pre-test
patients) probability of 10 | probability of 50 | probability of probability of
per 1000 per 1000 100 per 1000 200 per 1000
PTH (determination of chronic hypoparathyroidism at 6- month after surgery)
Sensitivity (TP + 8(1822) | Cohort | 99 (82-100) TPs 10 (8-10) 50 (41-50) 99(82-100) 198(164-200) MODERATE
a
&) FNs 0(0-2) 1(0-9) 1(0-18) 2 (0-36)
Specificity (FP + 8(1822) | Cohort | 87 (79-93) FPs 129 (69-208) 124 (67-200) 117(63-189) 104 (56-168) LOwW ab
TN
) TNs 861(782-921) 827 (751-884) 783 (711-837) 696 (632-744)
PTH (determination of chronic hypoparathyroidism at 12- month after surgery)
Sensitivity (TP + 9(2451) | Cohort | 99 (86-100) TPs 10 (9-10) 50 (43-50) 99(86-100) 198(172-200) MODERATE
FN) FNs | 0(0-1) 1(0-7) 1(0-14) 2(0-28) :
Specificity (FP + 9(2451) | Cohort | 72 (55-84) FPs 277 (158-446) | 266 (152-428) 252 (144-405) 224 (128-360) LOW &b
TN) TNs 713(545-832) 684 (523-798) 648 (495-756) 576 (440-672)
Calcium (determination of chronic hypoparathyroidism at 6- month after surgery)
Sensitivity (TP + 6 (1187) | Cohort | 89 (59-98) TPs 9 (6-10) 45(30-49) 89 (59-98) 178(118-196) LOW ab
FN) FNs 1(0-4) 6 (1-21) 11 (2-41) 22 (4-82)
Specificity (FP + 6 (1187) | Cohort | 80 (73-85) FPs 198(149-267) 190(143-257) 180 (135-243) 160 (120-216) LOW &b
TN) TNs 792(723-842) 760(694-808) 720(657-765) 640 (584-680)

TP: True positives (patients correctly classified as chronic hypoparathyroidism); FN: False negatives (patients incorrectly classified as not having chronic
hypoparathyroidism); FP: False positives (patients incorrectly classified as having chronic hypoparathyroidism); TN: True negatives (patients correctly classified

as not having chronic hypoparathyroidism)

Explanations

a. most studies at unclear risk of bias in the patient selection

b. 95% confidence interval imprecise lowering certainty in overall pooled estimate
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ABSTRACT

The efficacy and safety of parathyroid hormone (PTH) therapy for managing long-term hypoparathyroidism is being evaluated in
ongoing clinical trials. We undertook a systematic review and meta-analysis of currently available randomized controlled trials to
investigate the benefits and harms of PTH therapy and conventional therapy in the management of patients with chronic hypopara-
thyroidism. To identify eligible studies, published in English, we searched Embase, PubMed, and Cochrane CENTRAL from inception
to May 2022. Two reviewers independently extracted data and assessed the risk of bias. We defined patients’ important outcomes
and used grading of recommendations, assessment, development, and evaluation (GRADE) to provide the structure for quantifying
absolute effects and rating the quality of evidence. Seven randomized trials of 12 publications that enrolled a total of 386 patients
proved eligible. The follow-up duration ranged from 1 to 36 months. Compared with conventional therapy, PTH therapy probably
achieves a small improvement in physical health-related quality of life (mean difference [MD] 3.4, 95% confidence interval [CI] 1.5-53,
minimally important difference 3.0, moderate certainty). PTH therapy results in more patients reaching 50% or greater reduction in

) SUOIPUOD) PUE SULAL A3 235 “[EZ0T/E0/S 0] Yo Arsqry 2uquO Aapu “Areiqry Kisiaamig) misewo 4q 929t MQlZ001°01/10p)

fopuw

the dose of active vitamin D and calcium (relative risk [RR] = 6.5, 95% Cl 2.5-16.4, 385 more per 1000 patients, high certainty). PTH ther- 4
apy may increase hypercalcemia (RR =24, 95% Cl 1.2-5.04, low certainty). The findings may support the use of PTH therapy in patients
with chronic hypoparathyroidism. Because of limitations of short duration and small sample size, evidence from randomized trials is lim- 3

ited regarding important benefits of PTH therapy compared with conventional therapy. Establishing such benefits will require further
studies. © 2022 The Authors. Journal of Bone and Mineral Research published by Wiley Periodicals LLC on behalf of American Society
for Bone and Mineral Research (ASBMR).
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Introduction

ypoparathyroidism (hypoPTH) is a rare disorder character-

ized by hypocalcemia in which the parathyroid glands fail
to produce sufficient amounts of parathyroid hormone (PTH) or
the parathyroid hormone produced lacks biologic activity. Long-
term manifestations may include nephrocalcinosis/nephrolithia-
sis, renal failure, seizures, arthythmia, ischemic heart disease,
depression, cataracts, infection, increased mortality, and impaired
quality of life." Hypoparathyroidism occurs most commonly
after neck surgery, accounting for 75% of patients with hypopara-
thyroidism O The majority of postoperative cases of hypocalcemia
resolve in the first weeks after surgery, and approximately 25% of
such cases develop chronic or permanent hypoparathyroidism.fﬁ‘n

The optimal treatment strategies for patients with chronic
hypoparathyroidism remain uncertain. Conventional therapy with
calcium and activated vitamin D analogs (calcitriol, alfacalcidol, or
dihydrotachysterol) is necessary to maintain serum calcium and
treat symptoms of hypocalcemia.®® However, conventional ther-
apy does not correct the underlying pathophysiology and is asso-
ciated with long-term complications as cited above ™1

PTH replacement therapy with either synthetic or recombinant
human (rh) PTH(1-34) orintact rhPTH(1-84) has been evaluatedin
hypoparathyroidism. PTH(1-34) has been evaluated in both chil-
dren and adults in varying treatment regimens. RhPTH(1-84) has
also been evaluated in hypoparathyroidism and was approved in
2015 by the Food and Drug Administration (FDA) and the
European Medicines Agency (EMA) as an adjunctive treatment
for patients with chronic hypoparathyroidism who cannot be well
controlled on conventional therapy. TransCon PTH, a prodrug with
rhPTH(1-34) transiently conjugated to polyethylene glycol, is not
yet approved, but early data suggest it may provide stable PTH
serum levels in the physiologic range for 24 hours."" This mole-
cule has been evaluated in a phase 2 trial and a phase 3 trial in
hypoparathyroidism.'>'® PTH therapy is generally well tolerated
with few adverse effects. In preclinical studies in rats, high doses
of PTH(1-34) and PTH(1-84) were associated with dose- and
duration-dependent osteosarcoma, which, however, has not been
observed in humans " The use of PTH therapy in chronic hypo-
parathyroidism patients should be based on evidence regarding
potential benefit on patient-important outcomes.

With the goal to inform recommendations for the update of
international guidelines on hypoparathyroidism,”"sl we under-
took this systematic review and meta-analysis to assess the
effects of PTH therapy versus conventional therapy in managing
patients with chronic hypoparathyroidism.

Methods

We submitted the systematic review protocol to PROSPERO
(https://www .crd.york.ac.uk/PROSPERO/display_record.php?
RecordlD=234774) for registration (CRD42021234774).
This report follows the Preferred Reporting Items for a
Systematic Review and Meta-Analysis (PRISMA)'® (https://
view.officeapps.live.com/op/view.aspx?src=http%3 A%2F %
2Fprisma-statement.org%2Fdocuments%2FPRISMA_2020_
checklist.docx&wdOrigin=BROWSELINK).

Data sources

Relying in part on a prior review,"” we searched Embase (https//
www.elsevier.com/solutions/embase-biomedical-research), PubMed

(https://pubmed.ncbi.nlm.nih.gov/), and Cochrane CENTRAL
(https://www.cochranelibrary.com/central) from inception to
May 2022 using key words hypoparathyroidism, hypocalcemia,
hypocal*, hypoPT, parathyroid hormone, PTH, rhPTH, PTH(1-
34), teriparatide, PTH(1-84), TransCon PTH, and random*.
MeSH terms implemented in various combinations increased
search sensitivity. Searching the reference lists of publications
of primary studies and relevant narrative reviews and guide-
lines provided another strategy for identifying additional
references.

Study selection

We merged studies from the different sources and databases
and removed duplicates. Paired reviewers screened the studies
in two stages: (i) title and abstract and (i) full text. For full-text
review, two reviewers independently adjudicated eligibility and
resolved conflicts by discussion.

Eligible studies included patients diagnosed with chronic
hypoparathyroidism; compared PTH therapy versus conven-
tional therapy (eg, calcium, calcitriol, alfacalcidol, vitamin D);
used randomized controlled study trial design; and were pub-
lished in English. Studies were excluded if they: (i) were interven-
tion studies of <4 weeks' duration; (i) were duplicate
publications, review articles, single-case articles, editorials, or let-
ters; and/or (iii) examined only temporary hypoparathyroidism
as defined by the study.

QOutcomes of interest

The selection of patient-important outcomes (defined as charac-
teristics or variables that reflect how a patient feels, functions, or
survives) referred to one systeratic review that investigated the
major complications related to chronic hypoparathyroidism,
including nephrolithiasis, renal failure, seizures, arrhythmia,
ischemic heart disease, depression, cataracts, infection, and all-
cause mortality."® In addition, the guideline panel added
another four outcomes as patient-important based on their
experience managing patients (fracture, 50% or greater reduc-
tion in dose of active vitamin D and calcium, quality of life, and
adverse events).

In the presence of limited evidence for patient-important out-
comes, we also included the following surrogate outcomes:
hypocalcemia, hypercalcemia, hypercalciuria, 24-hour urine cal-
cium excretion, serum calcium, serum phosphate, serum
25-hydroxyvitamin D, serum 1,25-dihydroxy vitamin D3, serum
magnesium, serum alkaline phosphatase, serum osteocalcin,
urine deoxypyridinoline, urine pyridinoline, mean creatinine
clearance levels, and bone mineral density (BMD).

Data abstraction

For each included article, team members, using a standardized
form, independently extracted author, year, country, patient
demographics, interventions, doses, frequency, duration, and
outcomes data. When one reviewer completed the data abstrac-
tion, a second reviewer independently reviewed the data.

Risk of bias and quality of evidence

A modified Cochrane risk of bias tool provided the basis for risk
of bias assessment!'??? Two reviewers independently rated
the risk of bias; a third senior reviewer resolved any disagree-
ment. We used the grading of recommendations, assessment,

Joumal of Bone and Mineral Research

77

PTH THERAPY FOR MANAGING HYPorT 2655 Ml

EUBF] SUOWALIE) 3AHEL) 2[qei[dde 39 £q patsacd ase saprne W) 950 Jo S0 Jo) ANeqi] MTE A3[I U0 (SUOTHIP U0 plite- UKoY o[l Lreiqiaurio,; sdpy) sucnipliory pue suUs |, 5 935 ‘[ 202/E00 0] o ARIGFT suque)y Ka(i, ‘Anqry Asisan) BEensy Aq oL ot Auqzo 01 01/10pA 00" £ me Arel qupuiu o auqse sd] woi) popeo|umed ‘21 ‘Z20T 189S |



Ph.D. Thesis — Liang Yao; McMaster University— Health Research Methodology

development, and evaluation (GRADE) system for assessing cer-
tainty in the evidence as high, moderate, low, or very low based
on study design and considerations of risk of bias, consistency,
precision, directness, and publication bias.?"??

Data synthesis

We performed a random-effects meta-analysis using DerSimo-
nian and Laird approach,®® which uses the inverse-variance
method and assumes that studies are estimating different, yet
related, intervention effects. We presented relative risks
(RR) and 95% confidence intervals (95% Cl) for dichotomous out-
comes. For continuous outcomes, weighted mean differences
(WMD) and 95% Cl using DerSimonian and Laird random-effects
model provided pooled results. Chi-square tests and /* statistics
provided methods for assessing statistical heterogeneity. All pri-
mary analyses were performed with STATA v15.1 (StataCorp, Col-
lege Station, TX, USA).

Results

Study selection

The search identified 6835 records; after removal of duplicates,
5138 remained, among which 311 articles proved potentially
eligible on the title and abstract review and 11 publica-
tions"" #3433 reporting on seven studies (Fig. 1) met eligibility
criteria.

Characteristics of included studies

Table 1 summarizes the characteristics of eligible studies, all ran-
domized trials, of which six used parallel and one crossover
design. The seven eligible studies included 386 patients, of

whom 76% were female. The follow-up duration of the seven
studies ranged from 1 to 36 months. Supplemental Table S1 pre-
sents the risk of bias assessment.

Main outcomes

None of the studies reported patient-important outcomes of
nephrocalcinosis/ nephrolithiasis, seizures, arrhythmia, ischemic
heart disease, cataracts, fracture, infection, or all-cause mortality.
Three studies reported physical health-related quality of life by
SF-36 instruments and suggested a very small possible benefit
of treatment (MD 3.4, 95% Cl 1.5-5.3, minimally important differ-
ence 30, moderate certainty, Table 2)('*?°*®) One study
reported depression and suggested no important differences in
the impact of interventions on depression (MD 0, 95% Cl —0.2
t0 0.1, moderate certainty, Table 2).2% Two studies reported that
PTH(1-84) therapy versus conventional therapy resulted in more
patients reaching 50% or greater reduction in the doses of active
vitamin D and calcium (RR = 6.5, 95% Cl 2.5-16.4, 385 more per
1000 patients, high certainty evidence, Table 2).('>2%

Five studies reported 21 (9%) patients had serious adverse
events in the PTH group and 10 (9%) in the conventional group,
including hypocalcemia, hypercalcemia, diarrhea, anaphylactic
reaction, etc, but there was no evidence of important differences
between groups based on the limited data available (RR = 1.14,
95% Cl 06-2.2, 9 more per 1000 patients, low certainty evi-
dence).'#13252733) There were also no important differences in
the discontinuation of the study due to adverse events
(RR = 1.0, 95% C1 0.1-9.8, 0 more per 1000 patients, low certainty
evidence)."*?*) Supplemental Table S2 presents a summary of
the findings specifically reporting adverse events. Many adverse
events were more frequently found in the PTH group than in the
conventional therapy group; however, differences were

6835 records identified through database searching
PubMed, Embase, Cochrane Library

21 records from additional search

l

5138 records after duplicates removed

| 311 full-text articles assessed for eligibility

4827 studies irrelevant

12 reports (7 studies) included for analysis

Fig. 1. Study selection.

299 full-text articles excluded, with reasons
87 registry information
20 non-English
51 wrong population
55 letters, comments, reviews
47 inappropriate intervention
18 case reports or case series < 10 cases
8 duplications
13 others
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significant only for thirst during PTH(1-84) versus conventional
therapy (RR = 6.5, 95% Cl 1.2-34.2, 77 more per 1000 patients,
low certainty evidence, Supplemental Table 52).

Supplemental Table S3 summarized the results of the surro-
gate outcomes and suggests that PTH therapy in comparison
to conventional therapy is associated with higher serum calcium
(MD 0.11 mmol/L, 95% ClI 0.02, 0.20), lower serum phosphorus
(MD —0.2 mmol/L 95% Cl —04, —0.03), serum 25-hydroxyvita-
min D (MD —9.2 ng/mL, 95% Cl —12.2 to —6.1), serum magne-
sium (MD —0.06 mmol/L 95%CI —0.1, —0.01). Additionally,
there was a higher incidence of hypercalcemia for patients
receiving PTH(1-84) (RR = 2.4, 95% Cl 1.2-5.04). We found no
persuasive evidence of an impact of PTH (1-34) versus conven-
tional therapy on creatinine clearance (MD 3.9 mL/min, 95% CI
—2.4 to 10.3). Neither group demonstrated a difference in mean
renal function.

Discussion

Main findings

Eligible studies did not report on patient-important outcomes of
nephrocalcinosis/nephrolithiasis, seizures, arrhythmia, ischemic
heart disease, cataracts, fracture, infection, and mortality. This
may have been attributable to the small sample size of the studies
and their relatively short-term duration. The study results
obtained to date provide evidence that PTH(1-84) therapy allows
more patients to reduce or stop taking calcium and active vitamin
D. Reduction in dose or complete cessation of conventional ther-
apy was not tracked in the controlled studies with PTH(1-34).
There was a small or no impact on health-related quality of life
(Table 2). Serious adverse events were infrequent, and although
a number of adverse events occurred more frequently in the
PTH group (Supplemental Table 52), the results were significant
only for thirst. Regarding the surrogate outcomes, PTH therapy
was associated with increased hypercalcemia, serum alkaline
phosphatase, serum osteocalcin, and urine pyridinoline and
reductions in serum phosphate, serum 25-hydroxyvitamin D,
and serum magnesium (Supplemental Table 53).

Strengths and limitations

The strengths of this review include a comprehensive search;
registration of our study protocol before starting; and evaluation
of the quality of evidence using the GRADE approach. This
review also has limitations. The most important limitation is the
small sample size of the available studies, resulting in essentially
insufficient evidence regarding many of the outcomes important
to patients. The small sample size resulted in imprecision of
estimates (there may be additional adverse effects that the stud-
ies were unable to detect) and precluded any subgroup analyses.
Because of the short-term duration, the existing studies failed to
address most patient-important outcomes. In addition, PTH may
have effects in different etiologies of hypoparathyroidism.®>

Comparison with other studies

One prior review included similar studies to our review
and focused on the same questions.asl However, the prior
review did not include all publications based on the same popu-
lation. For example, three publications addressed different
outcomes for the REPLACE trial: one reported safety outcomes,
one reported health-related quality of life, and one reported
surrogate outcomes;?*2°3% the prior review only included the

first publication.” Similarly, we found another review addres-
sing both adults and pediatric patients with chronic hypopara-
thyroidism that included five clinical trials; however, it only
reported biochemical outcomes.®” In comparison to prior
reviews, our review adds additional studies and highlights the
low-quality evidence measuring of most major patient-
important outcomes and the likelihood that effects on physical
health-related quality of life are small.

Interpretation and application

The available studies are small and provide limited evidence
regarding major patient-important outcomes. The results sug-
gest that benefits on quality of life may be small. PTH therapy
(PTH(1-84) and TransCon PTH) might result in more patients
being able to discontinue calcium and active vitamin D supple-
ments, thus potentially reducing the pill burden of the disease,
but because the quality of evidence is low, further study of this
effect is needed. PTH therapy was also shown to lower serum
phosphate. This may have potential benefits with respect to low-
ering the risk of ectopic calcification as well as nephrocalcinosis
and declines in renal function. The impact of the reduction in
serum phosphate requires further study. More definitive evi-
dence requires considerably longer and larger studies, which
may be challenging for clinical studies for a rare disease.

This review highlights the limitations in available evidence
regarding the impact of PTH on patient-important outcomes.
Results did, however, suggest a small impact of PTH therapy on
physical health-related quality of life. The benefits include a
reduction in serum phosphate. The reduction in phosphate
may have important benefits on lowering the long-term compli-
cations of chronic hypoparathyroidism and requires further
study. A reduction in the dose of the calcium and active
D requirements was observed. The adverse events with PTH ther-
apy in comparison to conventional therapy may be limited to a
higher incidence of hypercalcemia. We found no other convinc-
ing evidence of important adverse events.
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Table S1. Risk of bias of included studies

Study Sequence Allocation Blinding of Blinding of outcome | Incomplete Selective reporting Other bias
eneration concealment atients and assessment outcome data
g p
personnel
REPLACE 13 Low Low Low Low Low Probably low Probably low
Sikjaer, 2011-2014 47 | Low Low Low Probably low Low Probably low Probably low
Winer, 2003 8 Low Probably low Probably high Probably high Low Probably low Probably low
Winer, 1996 ° Probably low Probably low Probably high Probably high Low Probably low Probably low
Winer, 2010 10 Low Probably low Probably high Probably high Low Probably low Probably low
Khan 2021 Low Probably low Low Probably low Low Probably low Probably low
Khan 2022 12 Probably low Probably low Low Probably low Low Probably low Probably low

Table S2. GRADE summary of findings for specifically reported adverse events

Absolute effect estimates
Outcome Certainty of the Evidence .
Study results and measurements ] , . Plain text summary
Conventiona (Quiality of evidence)
PTH
| therapy
Relative risk: 6.5 14 91
(C195% 1.2 - 34.2) per 1000 per 1000 Low
Thirst Based on data from 196 patients in 2 Due to very serious PTH may increases thirst slightly
studies 14 Difference: 77 more per 1000 imprecision
Follow up 6 months (C1 95% 3 more - 465 more)
Relative risk: 0.9 162 146
Tiredness (Cl195% 0.4 - 1.7) per 1000 per 1000 Low
Based on data from 196 patients in 2 Due to very serious PTH may decrease tiredness slightly
studies 4 Difference: 16 fewer per 1000 imprecision
Follow up 6 months (C1 95% 97 fewer - 113 more)
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Relative risk: 1.7 68 116
Dizziness (C195% 0.2 - 13.0) per 1000 per 1000 Low
Based on data from 196 patients in 2 Due to very serious PTH may increase dizziness
studies 4 Difference: 48 more per 1000 imprecision
Follow up 6 months (Cl 95% 54 fewer - 816 more)
Relative risk: 1.3 191 248
(C195% 0.8 — 2.0) per 1000 per 1000 Low . . .
Headache Based on data from 337 patients in 4 Due to very serious PTH may resur:tegldgcsr:r;all increase in
studies 141112 Difference: 57 more per 1000 imprecision
Follow up 6 months (C1 95% 38 fewer - 191 more)
Relative risk: 1.3 242 315
Paresthesia (C195% 0.8 - 2.0) per 1000 per 1000 Low
Based on data from 278 patients in 3 Due to very serious PTH may increase paresthesia
studies 1412 Difference: 73 more per 1000 imprecision
Follow up 6 months (C1 95% 48 fewer - 242 more)
Relative risk: 1.2 91 109
(C195% 0.6 - 7.5) per 1000 per 1000 Low . . .
Tetany Based on data from 134 patients in 1 Due to very serious PTH may resultt:ent;nsmall increase in
study ! Difference: 18 more per 1000 imprecision Y
Follow up 6 months (Cl 95% 36 fewer - 592 more)
Relative risk: 1.0 262 262
0, -
Muscle spasms (C1 95% 0.6 - 1.6) . . per 1000 per 1000 Very Low . We are uncertain whether PTH
Based on data from 216 patients in 2 Due to extremely serious increases or decreases muscle spasms
study 12 Difference: 0 fewer per 1000 imprecision P
Follow up 6 months (C1 95% 105 fewer 157 more)
Relative risk: 1.9 105 200
Pain in (C195% 0.8 - 4.4) per 1000 per 1000 Low
extremity Based on data from 161 patients in 2 Due to very serious PTH may increase pain in extremity
studies 18 Difference: 95 more per 1000 imprecision
Follow up 8 months (Cl 95% 21 fewer - 357 more)
Relative risk: 1.2 91 109
. (Cl195% 0.2 - 6.1) per 1000 per 1000 Low . . .
Myalgia Based on data from 134 patients in 1 Due to very serious PTH may resul;qlnazi\ ?gnall increase in
study ! Difference: 18 more per 1000 imprecision yaig
Follow up 6 months (Cl 95% 73 fewer - 464 more)
Musculoskeletal Relative risk: 1.2 45 54 Low PTH may have no or little impact on
pain (C195% 0.2 - 6.1) per 1000 per 1000 Due to very serious musculoskeletal pain
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Based on data ;rt(L)Jr(;I 1134 patients in 1 Difference: 9 more per 1000 imprecision
y (CI 95% 36 fewer - 230 more)
Follow up 6 months
Relative risk: 0.5 204 102
Back pain (C195% 0.2 -1.2) per 1000 per 1000 Low
P Based on data from 134 patients in 1 Due to very serious PTH may decrease back pain
study ! Difference: 102 fewer per 1000 imprecision
Follow up 6 months (Cl 95% 163 fewer - 41 more)
Relative risk: 1.5 45 68
. (C195% 0.3 - 7.0) per 1000 per 1000 Low . . .
Neck pain Based on data from 134 patients in 1 Due to very serious PTH may resur:telélka Z?r]]a" Increase in
study ! Difference: 23 more per 1000 imprecision P
Follow up 6 months (C1 95% 31 fewer - 270 more)
Relative risk: 1.7 45 77
Upper (C195% 0.4 - 8.0) per 1000 per 1000 Low PTH may result in a small increase in
abdominal pain Based on data from 134 patients in 1 Due to very serious a/ or abdominal pain
study ! Difference: 32 more per 1000 imprecision PP P
Follow up 6 months (Cl 95% 27 fewer - 315 more)
Relative risk: 1.3 92 120
. (Cl195% 0.5 -3.2) per 1000 per 1000 Low . . .
Diarrhea Based on data from 216 patients in 2 Due to very serious PTH may resul(;ilz;lrrer\]z;nall increase in
study 112 Difference: 28 more per 1000 imprecision
Follow up 6 months (C1 95% 46 fewer - 203 more)
Relative risk: 1.5 100 150
Nausea (C195%0.7 ~ 3.2) per 1000 per 1000 Low PTH may result in a small increase in
Based on data from 337 patients in 4 - Due to very serious y
studies 1,4,11,12 Difference: 50 more per 1000 imprecision nausea
Follow up 6 months (Cl 95% 30 fewer - 220 more)
Relative risk: 0.9 68 61
Respiratory (C195% 0.2 - 5.5) per 1000 per 1000 Low . )
tract infection Based on data from 196 patients in 2 Due to very serious PTH Teasy ::Z;’; Iltttrlgcctnrir:}ce)clz?opnact on
studies 14 Difference: 7 fewer per 1000 imprecision P y
Follow up 6 months (Cl 95% 54 fewer - 306 more)
Relative risk: 0.4 159 64
o (C195% 0.2 -1.2) per 1000 per 1000 Low
Nasopharyngitis Based on data from 134 patients in 1 ] Due to very serious PTH may decrease nasopharyngitis
study 1 Difference: 95 fewer per 1000 imprecision

Follow up 6 months

(C1 95% 127 fewer - 32 more)
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Relative risk: 1.5 45 68
. (C195% 0.3 - 7.0) per 1000 per 1000 Low . .
Sinusitis Based on data from 134 patients in 1 ] Due to very serious PTH may resu[t n glsmall increase
study * Difference: 23 more per 1000 imprecision sinusitis
Follow up 6 months (C| 95% 31 fewer - 270 more)
Relative risk: 2.2 67 147
Cardiovascular (C195% 0.6 - 7.7) per 1000 per 1000 Low . .
disease Based on data from 62 patients in 1 study ] Due to very serious PTH may mc:jgase cardiovascular
4 Difference: 80 more per 1000 imprecision Isease
Follow up 36 months (CI 95% 27 feWer - 449 mOI’e)
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Table S3. Meta-analysis of surrogate outcomes

Outcomes

No of studies
(No of patients)

Relative risk/Mean difference (95%ClI)

Hypocalcemia (7 months)

5 (343) 1,7,10,11,12

RR 0.7 (0.3 t0 1.9)

Hypercalcemia (6 months)

5 (341) 1,7,9,11,12

RR 2.4 (1.2 t0 5.0)

Hypercalciuria (6 months)

1(134) 1

RR 3.4 (0.4 to 27)

24-h urine calcium excretion levels (mmol/24 h) (6 months)

6 (327) 1,4,8-10,12

MD -0.13 (-0.49, 0.23)

Serum calcium, mmol/L (6 months)

7 (376) 3,4,8-12

MD 0.11 (0.02, 0.20)

Serum phosphate (mmol/L) (6 months)

5 (277) 1,4,9-11

MD -0.2 (-0.4, -0.03)

Serum 25-hydroxyvitamin D (ng/mL) (6 months)

4 (218) 1,4,9,10

MD -9.2 (-12.2, -6.1)

Serum 1,25-Dihydroxyvitamin D3 (pg/mL) (6 months)

4 (218) 1,4,9,10

MD 8.0 (-3.5 to 19.6)

Serum magnesium (mmol/L) (36 months)

3 (101) 6810

MD -0.06 (-0.1, -0.01)

Mean creatinine clearance levels (ml/min) (36 months)

2 (39) 810

MD 3.9 (-2.4 to 10.3)

Serum alkaline phosphatase (u/l) (21 months)

4 (111) 4810

MD 64.74 (8.1 to 121.4)

Serum osteocalcin (ng/ml) (21 months)

4 (111) 4810

MD 59.25 (11.6 to 106.9)

Urine deoxypyridinoline (nmol/mmol) (36 months) 3 (49) 810 MD 43.48 (-3.5 to 90.5)
Urine pyridinoline (nmol/mmol) (36 months) 3 (49) 810 MD 93.08 (15.9to 170.2)
BMD- total body (g/cm?) (6 months) 3(98) 4810 MD -0.1 (-0.1, 0)

BMD- Hip-Femoral neck (g/cm?) (21 months) 2 (86) 48 MD -2.4 (-7.3, 2.5)

BMD- Spine (g/cm?) (6 months) 3 (98) 4 810 MD -0.1 (-0.4, 0.2)

*We bolded the significant results
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Chapter 5: Discussion and Conclusion to This Thesis
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This thesis both describes an approach to addressing the challenges inherent when resources
are unavailable to conduct systematic reviews for all the relevant questions the guideline panel
wishes to address, and presents a series of investigations focused on evidence synthesis for
the development of a guideline on a rare disease, chronic hypoparathyroidism. In this
concluding chapter, | review the methodological challenges first presented in Chapter 1 and
discuss how | have addressed them (described in detail in Chapters 2 to 4). Additionally, |
highlight the strengths and limitations of our approach to differentiating recommendations based
on systematic reviews and those that were not; of our reviews themselves; and explore potential

opportunities and challenges that may arise when we look toward future directions in this field.

Challenges and solutions
During the evidence synthesis for guideline development for chronic hypoparathyroidism, we
encountered several methodological challenges. The first challenge we met was confronting the

limited resources - financial, temporal, and human - for the guideline development.

In Chapter 2, our methods team described the solution employed to address this problem,
which involved engaging the leaders of the guideline in defining a restricted number of issues
for which systematic reviews would be conducted, and for which would not. Subsequently, the
leadership of the panel collaborated with the panel members and defined four critical PICO
questions for conducting systematic reviews. The panel leaders assigned the methods team to
ensure that when these reviews were conducted, trustworthiness standards of articulation of
values and preferences, rating of evidence certainty, and the resultant process of moving from
evidence to recommendations and grading the strength of recommendations were met. In this
dissertation, this particular type of recommendations are termed as GRADEd

recommendations.®?
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The clinical experts within the guideline panel assumed responsibility for the residual questions
that were not subjected to systematic reviews. For these questions, the panel issued
recommendations that were based on the narrative reviews *® and less clearly defined criteria
for moving from evidence to recommendations. The process of these recommendations, termed
herein as non-GRADEd recommendations, involved a less structured approach without formal
specifications of PICOs, conduct of traditional expert narrative literature reviews rather than

systematic review approaches and did not include tables summarizing the findings.®

The methods team was, however, also charged with explaining these two different types of
recommendations to the guideline users by differentiating them one from the other and ensuring
that the two categories were clear. We specified formal GRADEd recommendations, and non-
GRADEd recommendations in different places in the guideline and using wording and
presentation of GRADEd recommendation as suggested by the GRADE working group,’ while

using quite different language and presentation for non-GRADEd recommendations.

In Chapter 3, | present our approach to help determine patient-important outcomes for the
guideline panel by inferring causation between the process of this rare disease and the
symptoms and complications in patients with chronic hypoparathyroidism experience. To
address the causality issue, we conducted a systematic review based on cohort and case-
control studies that addressed patients with chronic hypoparathyroidism and people with normal
parathyroid function. Developing criteria for distinguishing between convincingly causal relations
from those that were not, involved methodologic innovation. We established two criteria to
determine the symptoms and complications causally related to hypoparathyroidism: 1) those
reported by at least 3 studies, and 2) those where patients with chronic hypoparathyroidism

exhibited a statistically higher risk compared to individuals with normal parathyroid function.
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By applying these criteria, we were able to filter down from 170 complications and symptoms

reported in the existing literature, ultimately identifying the nine complications and symptoms
that met our criteria for being causally related to chronic hypoparathyroidism (reported in detail
in Chapter 3). By referring the findings from this review and in conjunction with the consideration
of experts’ clinical experience and patients’ values, the panel members were able to define
patient-important outcomes. This, in turn, aided with execution of evidence synthesis and

guideline recommendations.

The third challenge we confronted during the evidence synthesis for rare disease involved
minimizing the impact of insufficient evidence for patient-important outcomes. In Chapter 3 (part
2), we present a diagnosis review that addressed the predicting values of early parathyroid
hormone and calcium levels with the development of chronic hypoparathyroidism in patients
following total thyroidectomy, to obtain as much information as possible, we incorporated data
from both prospective and retrospective cohort studies. Using this approach, we were able to
include an additional ten retrospective cohort studies, which facilitated data pooling for

sensitivity, specificity, and post-test probabilities.

Chapter 4 presents a management review that compares parathyroid hormone therapy versus
conventional therapy for chronic hypoparathyroidism. To maximize the wealth of information
available, we endeavored to incorporate randomized studies irrespective of whether they were
designed as parallel group, cluster, or crossover randomized studies and regardless of the
publication status (i.e., published peer reviewed journals, pre-publications, conferences posters,
or ongoing studies), and if there is no or very few studies or data sources from randomized

trials, we were prepared to incorporating observational studies.
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Using this comprehensive approach, we identified seven small, randomized trials with a total of
386 patients, comprising four parallel group published studies, one crossover published study,
and two unpublished parallel group trials (trial authors have completed their study but not
published their data when we were extracting the data). The authors of the unpublished trials
generously shared data, allowing us to perform a meta-analysis based on the optimal study

design (randomized trials) for a rare disease.

Further, in the management review, because limited direct evidence for patient-important
outcomes proved available, we utilized indirect evidence from surrogate outcomes to infer
patient-import outcomes. For example, we utilized 24-hour urinary calcium excretion as a
surrogate for nephrocalcinosis/nephrolithiasis, and bone mineral density for fracture. We used
the often neglected GRADE strategy: rather than rating certainty regarding the surrogate, we
rated certainty in the patient-important outcome for which the surrogate was standing in, in the
process rating down the certainty of evidence because of indirectness. We referred to prior
publications 81! to ascertain if there is a relationship between the surrogate outcome and
inferred patient-import outcomes. If a relationship was present, we rated down once for
indirectness if the population in the referred studies was similar to that in our reviews. If there
was no evidence of a relationship, we rated down twice for indirectness. Because non-
randomized studies of interventions also infrequently reported data for patient-import outcomes,

we did not incorporate data from these studies.

In addition to the primary challenges, we also met some secondary challenges conducting the
reviews. One such challenge is whether to pool data, especially in light of the considerably
heterogeneous presentations among the population under study. In the review investigating the
prevalence of symptoms and complications causally related to chronic hypoparathyroidism, we
confronted numerous factors, such as age, duration of hypoparathyroidism, whether the patient
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has undergone parathyroid surgery or not, and whether they have received treatments or not,

which could influence the prevalence of symptoms or complications resulting from chronic
hypoparathyroidism. 312-1® These factors rendered the findings difficult to interpret. Even pooling

the data into pre-defined subgroups did not satisfactorily explain the extremely high

heterogeneity across studies.

Working with the expert panel, we decided to abandon pooling the prevalence data by
performing meta-analysis. Instead, we opted to present the prevalence using median and
interquartile range, stratified by general population, postsurgical adult population, non-surgical

population, and pediatric patients.

Strengths and limitations

In addition to the strengths described in the included publications, a principal strength of this
thesis lies in our exploration of diverse methods for conducting evidence synthesis and issuing
recommendations. We did not yield to the challenges inherent in conducting evidence synthesis
for rare diseases. Instead, we explored diverse methods to overcome these obstacles, including
clear differentiation between evidence-based and traditional guideline development approaches,
empirically addressing issues of causation between disease and potential disease
manifestations, and with respect to diagnostic and management issues rigorously and
persistently working to obtain all relevant evidence and where necessary appropriately basing
inferences on surrogate endpoints. These methods could potentially be generalized to the

evidence synthesis process for the development of guidelines for other rare diseases.

Despite the strengths, our work has limitations. Firstly, this thesis represents only a segment of

the guideline development for chronic hypoparathyroidism. We did not present the publications
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of systematic review with no eligible studies and the narrative literature reviews that support
non-GRADEd recommendations. This omission might make it difficult for researchers to gain a
comprehensive understanding of the entire guideline development process for chronic
hypoparathyroidism. To mitigate this limitation, | attached a summary of all the publications

related to the guideline development for chronic hypoparathyroidism. 31520

Secondly, our use of different methodologies in one guideline, encompassing both the GRADEd
and non-GRADEd approach for issuing recommendations, may potentially lead to misleading or
misunderstanding. While ideally, the use of GRADEd approach for issuing recommendations
would be optimal for all guideline questions, the guideline panel needs to consider the
constraints of limited time, financial resources, and human resources. This is particularly
pertinent in the context of a rare disease in which the target population is relatively small

compared to common diseases.

Further, based on our prior research, compared with GRADEd approach, guideline panels
foregoing trustworthiness standards and using non-GRADEd approach, what they often call
“consensus” approach, are more likely to issue inappropriate strong recommendations. This
could result in unnecessary harms to patients. 223 However, sometimes foregoing full
trustworthy guideline standards for rare diseases may be unavoidable. In such situations, the
approach we have adopted to clearly differentiate between more and less rigorous approaches

has the merit of at least making vivid to clinicians what is more and less trustworthy.

Thirdly, not all challenges outlined in this thesis are exclusive to the evidence synthesis process
for rare diseases. For instance, the second challenge we confronted during the reviews -

defining patient-important outcomes- is a consideration relevant to guidelines for both rare and
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non-rare diseases. In the context of rare diseases, however, there exists a particular need to
educate both panel members and patients about the complications and symptoms causally
linked to the rare condition, differentiating that is usually much more evident in commonly
occurring diseases. This understanding forms the bedrock of defining relevant and significant

patient-important outcomes, thereby aiding in more effective shared decision-making.

Additionally, in two of our reviews, we employed both prospective and retrospective cohort
studies in the review of identifying symptoms and complications related to the rare condition
(Chapter 3, part 1), and in the reviewing of addressing the diagnostic question (Chapter 3, part
2). However, the reliability of this approach is contingent upon the risk of bias inherent in the
included studies, as well as the magnitude of their sample sizes. It is crucial to acknowledge
that the observational nature of these studies, particularly in retrospective studies, could
increase the risk of bias. For instance, the absence of appropriate adjusted analysis in
comparisons between exposure and non-exposure groups, could increase likelihood of

identifying false symptoms and complications.

Sample size could also impact the reliability of findings. For example, in the systematic review
addressing the causality between chronic hypoparathyroidism and symptoms/complications, we
included 18 cohort/case-control studies with a total of 10,195 cases and 47,490 normal
individuals. However, for other rare diseases, obtaining a large sample size of cases from
cohort and case-control studies can be challenging. In such cases, researchers might need to
think about other approaches to help identify the complications and symptoms causally linked to

a rare disease.

Furthermore, our approach of restricting eligibility to randomized trials to address the
management question of chronic hypoparathyroidism might not be feasible for other rare
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diseases. The unavailability of randomized trials may obligate researchers addressing other rare
disease to consider broadening their evidence sources to obtain as much data as possible. This
could involve including observational studies such as cohort studies, case-control studies, case
studies, cross-sectional studies, as well as including studies for which limited data are available
such as those reported only in conferences abstracts. Broadening eligibility criteria could also
include using indirect evidence from surrogate outcomes, but also evidence with indirectness
related to population, interventions, and comparison. Lastly, the guideline panel did not involve
any implement specialists, which may lead to challenging to apply the guideline in real-world

settings.

Opportunities and future directions

The process of evidence synthesis for rare diseases, as exemplified by our work on chronic
hypoparathyroidism, not only illuminates the obstacles within the research landscape but also
highlights potential avenues for future exploration. These difficulties provide innovative
opportunities for researchers and guideline developers to further explore and refine their

methodologies for evidence synthesis in rare diseases.

Firstly, it is vital that researchers and guideline developers, whenever feasible, harness
innovation to deliver recommendations following trustworthiness standards for rare diseases.
This objective demands a cooperative effort to garner more resources for guideline
development for such diseases and readiness to confront the challenges associated with
conducting systematic reviews. While it is undeniably true that at times that compromising on
standards of trustworthiness when making recommendations for rare diseases, such as, in our
case, chronic hypoparathyroidism, might be unavoidable, guideline developers should only
make these compromises when limitation of time and cost are insurmountable. If faced with this
situation, clearly differentiating between more and less trustworthy recommendations optimally
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serves clinical and patient consumers of the guideline. However, compromising trustworthiness
standards resorting to a “consensus” approach should be viewed as a measure of last resort

when resources are severely limited.

Secondly, identifying complications and symptoms causally related to the rare disease could be
an important aspect of managing rare diseases. This understanding can educate panel
members and patients, helping them comprehend the intricacies of the rare condition, and
informing the right patient-important outcomes to guide the completion of systematic reviews
and recommendations. Bringing empirical evidence to bear on this issue involves conducting a
systematic review, focusing on cohort and case-control studies, thus helping to clarify the
causality between the disease and associated symptoms/complications. However, in
circumstances where the available studies are insufficient to establish causality, our approach

may fall short.

Thirdly, when faced with insufficient evidence for a rare disease, the incorporation of more
extensive compendium of studies, irrespective of study design, as well as the inclusion of
indirect evidence, can be advantageous in acquiring more information. During our reviews for
the guideline of chronic hypoparathyroidism, we incorporated indirect evidence from surrogate

outcomes to infer patient-important outcomes. If necessary, indirect evidence relating to

population, interventions, and comparisons could also be beneficial, though the certainty of this

evidence should be rated down for potential indirectness.

In conclusion, our solutions to address the challenges, as encountered during the process of
conducting evidence synthesis and developing recommendations for chronic

hypoparathyroidism, may only cover a segment of the potential issues and do have their
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limitations. Nevertheless, the insights and experiences derived from our work may hold potential
applicability to other rare diseases. In this way, our work contributes to the development of
robust, evidence-based guidelines for rare conditions. Future research should focus on these
identified opportunities, aiming to continuously improve and refine the process of evidence
synthesis and moving from evidence to recommendations in the formation of guidelines for rare

diseases.
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