
Page 1/21

Effects of Hydroxychloroquine on endOthelial
function in eLDerly with sleep apnea (HOLD): study
protocol for a randomized clinical trial
Letícia Maria Tedesco Silva  (  tedescosilva.leticia@gmail.com )

Universidade Federal do Rio Grande https://orcid.org/0000-0001-7836-7417
Antonio Cortes 

Universidade Federal do Rio Grande do Sul
Beatriz Rossi 

Fundacao Universitaria de Cardiologia: Instituto de Cardiologia
Liliana Boll 

Fundacao Universitaria de Cardiologia: Instituto de Cardiologia
Gustavo Waclawovsky 

Fundacao Universitaria de Cardiologia: Instituto de Cardiologia
Bruna Eibel 

Fundacao Universitaria de Cardiologia: Instituto de Cardiologia
Sandro Goncalves 

Universidade Federal do Rio Grande do Sul
Maria Claudia Irigoyen 

Fundacao Universitaria de Cardiologia: Instituto de Cardiologia
Denis Martinez 

Universidade Federal do Rio Grande do Sul

Study protocol

Keywords: hydroxychloroquine, endothelial function, sleep apnea

Posted Date: April 8th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-345739/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-345739/v1
mailto:tedescosilva.leticia@gmail.com
https://orcid.org/0000-0001-7836-7417
https://doi.org/10.21203/rs.3.rs-345739/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/21

Abstract
BACKGROUND: Sleep apnea and coronary artery disease are prevalent and relevant diseases. The
mechanism by which sleep apnea leads to coronary artery disease remains unclear. Intermittent hypoxia,
caused by sleep apnea, leads to in�ammation and consequent endothelial dysfunction. Endothelial
dysfunction precedes the development of atherosclerotic disease and the occurrence of cardiovascular
events. Agents that potentially act to improve endothelial function can help prevent cardiovascular
events. Patients using immunomodulators due to rheumatic diseases have a lower prevalence of
cardiovascular diseases. However, the potential cardio protective effect of these drugs in patients without
autoimmune diseases is not clear. Hydroxychloroquine (HCQ) is an immunomodulator used to treat
rheumatoid arthritis and systemic lupus erythematosus. In addition to its anti-in�ammatory properties,
HCQ reduces cholesterol and blood glucose levels and has antithrombotic effects. The drug is
inexpensive and widely available. Adverse effects of HCQ are rare and occur more frequently with high
doses.

OBJECTIVE: In this randomized clinical trial, the effect of HCQ treatment on endothelial function will be
tested in seniors with sleep apnea.

METHODS: We will recruit participants over the age of 65 and with moderate-severe sleep apnea from an
ongoing cohort. We chose to use this sample already evaluated for sleep apnea for reasons of
convenience, but also because the elderly with sleep apnea are vulnerable to heart disease. Endothelial
function will be assessed by examining �ow-mediated dilation of the brachial artery, the gold standard
method, considered an independent predictor of cardiovascular events in the general population and by
peripheral arterial tonometry, the most recent and most easily obtained method. Hydroxychloroquine will
be used at a dose of 400 mg/daily for eight weeks.

DISCUSSION: Our study aim to obtain evidence, albeit preliminary, of the e�cacy of hydroxychloroquine
in improving endothelial function and reducing cardiovascular risk markers. If the improvement occurs,
we plan to design a randomized multicenter clinical trial to con�rm the �ndings.

TRIAL REGISTRATION: ClinicalTrials.gov Identi�er: NCT04161339

Administrative Information



Page 3/21

Title {1} Effects of Hydroxychloroquine on endOthelial function in eLDerly with
sleep apnea (HOLD): study protocol for a randomized clinical trial

Trial registration {2a
and 2b}.

ClinicalTrials.gov, ID: NCT04161339. Registered on November, 2019.

Anti-In�ammatory Drug and Endothelial Function (HOLD)

Protocol version {3} March 2021, version 1.0

Funding {4} FAPERGS / CAPES / HCPA / IC-FUC/RS

Author details {5a} Leticia Maria Tedesco Silva, Antonio Cortes, Beatriz Rossi, Liliana Boll,
Gustavo Waclawosky, Bruna Eibel, Sandro Gonçalves, Maria Claudia
Irigoyen, Denis Martinez

Name and contact
information for the trial
sponsor {5b}

FAPERGS - Fundação de Amparo à Pesquisa do Estado do Rio Grande do
Sul

Address: Av. Borges de Medeiros, 261–2º andar - Centro Histórico, Porto
Alegre - RS, 90020-021, Brazil

Phone: +55 51 3221–4922

Role of sponsor {5c} The study sponsor had no role in the design, collection, management,
analysis or interpretation of data, nor in the writing of the report.

Introduction

Background and rationale {6a}

Obstructive Sleep Apnea (OSA) and Cardiovascular Disease
In meta-analysis, the prevalence of sleep apnea in the general adult population ranges from 6–17%,
reaching 49% at advanced ages. In a Brazilian epidemiological study, OSA affected 80 to 95% of the
elderly. The most damaging consequence of OSA is an increase in cardiovascular morbidity and
mortality. Cardiovascular diseases are responsible for 20% of deaths of Brazilians over 30 years old and
lead to increased morbidity and mortality in over 30% of the elderly. Prospective population studies have
shown that individuals with severe untreated sleep apnea have a higher risk of general and
cardiovascular mortality, independent of traditional cardiovascular risk factors. Apnea patients, compared
to the general population, are twice as likely to have hypertension, ischemic heart disease and
cerebrovascular disease. In 2004, the National Heart, Lung, and Blood Institute committee proposed lines
of research to enlighten the consequences of sleep disorders in heart disease. In 2008, the American
Heart Association and the American College of Cardiology published a consensus indicating the need for
researches like ours that addresses the major cardiovascular consequences of sleep apnea. The main
reasons why sleep apnea is associated with cardiovascular diseases are the periods of intermittent
hypoxia and the repeated nocturnal awakenings precipitated by apneas. Apnea occurs when anatomical
and / or functional changes in the airway, associated with loss of tone in the pharyngeal dilator muscles
during sleep, lead to airway collapse and interruption of air�ow. Nighttime awakenings cause chronic
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sympathetic hyperactivity and intermittent hypoxia causes oxidative stress, which causes in�ammation,
the onset of endothelial dysfunction and, later, atherosclerosis. The association between coronary artery
disease and sleep apnea appears to be consistent. In a cross-sectional analysis of the Sleep Heart Health
Study cohort, individuals in the highest quartile of apnea-hypopnea index present a 27% risk increase for
coronary artery disease. Sleep apnea increases the chance of having ischemic heart disease by 65% and
having a heart attack by 71%. Our group demonstrated that sleep apnea is a more robust risk factor for
coronary artery disease than classic factors such as cholesterol, in a sample excluding morbidly obese,
diabetic and smokers.

Endothelial Function
The endothelium, by isolated area, is one of the largest organs in the body, composed of trillions of cells,
weighing more than 1 kg and covering almost 3m² in a 70 kg adult male. It interacts with multiple
systems and has been implicated in the pathogenesis of neurological, renal, liver, vascular,
dermatological, immunological and cardiovascular diseases. It is a highly specialized tissue, responsible
for vascular homeostasis through the regulation of arteriolar tone, platelet aggregation, smooth muscle
cell growth and leukocyte adhesion. The endothelium regulates the vascular tone through the secretion
vasodilator, such as nitric oxide (NO) and vasoconstrictors such as endothelin. Damage to the
endothelium and dysfunction of this tissue are associated with the development of arterial hypertension
and atherosclerosis. There are many molecular and cellular mechanisms involved with endothelial
damage and vascular aging. Since in�ammation and oxidative stress are part of these mechanisms,
tackling with these two processes can be considered as future therapeutic targets for the prevention of
cardiovascular disease. A review article on the topic states that a greater understanding of endothelial
function provides not only a grasp of the pathophysiology of cardiovascular disease, but also an
opportunity for clinical treatment, early detection of diseases, strati�cation of cardiovascular risk and
evaluation of therapeutic response.

Flow-Mediated Dilatation of the Brachial Artery
The assessment of �ow-mediated dilation (FMD) was �rst introduced in the 1990s as a non-invasive
approach to examining vasodilator function in vivo. The FMD result quanti�es the endothelium-
dependent arterial function mediated by nitric oxide, being used as an indirect marker of vascular health.
A meta-analysis that included 32 studies and 15,000 individuals concluded that the FMD result is an
independent predictor of cardiovascular event and death. Each 1% dilation increase in the FMD result was
associated with a 10% lower risk of cardiovascular event or death. In that study, the predictive effect of
brachial FMD was more substantial for cardiovascular mortality than for general mortality, suggesting
that impaired endothelial function is predominantly a cardiovascular risk factor.

The method has limitations that must be considered. Small changes in the methodological approach can
critically in�uence results and decrease the exam reproducibility. Therefore, the compliance of guidelines
with updated and standardized methodology is indicated to reduce measurement errors and improve
FMD reliability in clinical studies.
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Peripheral Arterial Tonometry
Peripheral arterial tonometry (PAT) is a non-invasive method of assessing endothelial function in clinical
practice. The method was incorporated into several population and multicenter studies, such as the
Framingham Heart Study. The results are based on digital pulse amplitude variation during reactive
hyperemia induced by a 5-minute forearm cuff occlusion. It is operator/interpreter independent and
provide immediate results, which are advantages compared to FMD. The reactive hyperemia index (RHI)
obtained by PAT is considered to correlate signi�cantly with coronary endothelial function. PAT is a
predictor of cardiovascular risk in high-risk patients, according to several authors.− The method also has
good reproducibility, according to studies by Brant et al and Reisner et al. In two large population studies,
totaling more than 10,000 participants, there is only a modest correlation between FMD and PAT.,

Therefore, both methods will be used in this study, in order to quantify aspects of both macro and
microvascular circulation and compare the two methods.

Endothelial Function and Obstructive Sleep Apnea
Sleep apnea is related to systemic in�ammation, oxidative stress and endothelial dysfunction., These
factors are protagonists in the process that leads patients with sleep apnea to develop cardiovascular
disease. The association between endothelial dysfunction and sleep apnea was initially considered
ambiguous because there are numerous common features among patients with endothelial dysfunction
and sleep apnea. Age, obesity, smoking and alcohol consumption were factors cited as potential causes
of the two conditions, confusing a possible cause-effect relationship. A meta-analysis by Wang et al
concluded that moderate / severe sleep apnea was signi�cantly associated with endothelial dysfunction,
increased arterial stiffness and increased serum levels of in�ammatory markers. The meta-regression
data suggest that the adverse effect of moderate-severe sleep apnea on endothelial function is not
modi�ed by potential confounders, such as body mass index. Cross-sectional analyses of population
studies and case-control studies consistently demonstrated an association between obstructive sleep
apnea and impaired endothelium-dependent vasodilation. In-vitro experiments demonstrate that the
serum of patients with sleep apnea impairs the migration of coronary endothelial cells. Our group
published studies demonstrating that intermittent hypoxia causes oxidative stress, in�ammation and
damage to lipids and proteins.

Hydroxychloroquine
The hydroxychloroquine was initially an antimalarial drug. Due to its anti-in�ammatory properties, it is
commonly used to treat rheumatic diseases, in particular rheumatoid arthritis and connective tissue
diseases such as systemic lupus erythematous. HCQ reduces the activation of the innate immunity
system by inhibiting the stimulation of Toll-like receptors, which can play an important role in the
activation of in�ammatory cells in atherosclerotic patients. Some studies suggest that
hydroxychloroquine also reduces the production of cytokines important in the pathogenesis of
atherosclerosis, such as interleukin-1 and 6 and tumor necrosis factor alpha (TNF-α). , TNF-α block



Page 6/21

therapy was associated to a risk reduction of coronary artery disease among patients with rheumatoid
arthritis.

In addition to its anti-in�ammatory effects, HCQ has other properties that may be bene�cial in the
treatment of coronary artery disease. In patients with lupus, chloroquine inhibits the synthesis of several
members of the matrix metalloproteinase family, especially MMP-9, enzymes capable of degrading
interstitial collagen in the �brotic layer of the atherosclerotic plaque.

Cohort studies have shown that HCQ lowers cholesterol in patients with lupus and rheumatoid arthritis.−

In addition, in rheumatoid arthritis, the use of HCQ has been associated with a lower incidence of type 2
diabetes−, lower levels of glycosylated hemoglobin (HbA1c) and better sensitivity to insulin and beta cell
function. In two randomized studies of diabetics with inadequate glycemic control, HCQ signi�cantly
reduced glucose levels. ,

In addition, HCQ may have antithrombotic properties. , In mice, HCQ reduced the size and duration of the
thrombus, and caused a decrease in the thickness of the vascular wall and progression of
atherosclerosis., In a case-control study, among patients with lupus, the use of HCQ was associated with
a reduced risk of thromboembolic complications.

Sharma et al. reported in a retrospective study involving 1266 patients with rheumatoid arthritis an
association between HCQ use and a 72% reduction risk of an outcome composed of acute coronary
syndrome, cardiac revascularization, stroke, transient ischemic accident, peripheral arterial disease and
sudden death.

Evidences from studies in patients with rheumatic diseases converges to a role for HCQ in reducing
cardiovascular risk. However, its cardiovascular effects in patients at higher cardiovascular risk but
without rheumatic diseases is unknown.

Some common side effects of hydroxychloroquine, occurring in 1–10% of users, include anorexia,
emotional labiality, headache, blurred vision, abdominal pain, nausea, rash and itching. Rarely, in 0.1-1%
of high-dose users, Stevens-Johnson syndrome, cardiomyopathy and retinopathy may occur.

Overall
Considering that sleep apnea is a chronic disease with an in�ammatory component, as well as rheumatic
conditions, HCQ, due to its favorable effects in the reduction of several cardiovascular risk factors, may
improve endothelial dysfunction associated with sleep apnea.

Considering the low cost of HCQ, the high prevalence of sleep apnea in the elderly and the high morbidity
and mortality of cardiovascular diseases, the search for feasible approaches in primary care that can
reduce these outcomes is justi�ed. Thus, the use of HCQ in patients with sleep apnea and at high risk for
coronary artery disease represents an entirely new approach to this disease.
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Objectives {7}
Main Objective

To test in a randomized clinical trial the effect of hydroxychloroquine on endothelial function and its
correlates, in elderly people with sleep apnea.

Speci�c Objectives

To test in a randomized clinical trial the effect of hydroxychloroquine on endothelial function
measured by peripheral arterial tonometry.

To test in a randomized clinical trial the effect of hydroxychloroquine on endothelial function
measured by �ow-mediated dilation of the brachial artery.

Compare the endothelial function measured by peripheral arterial tonometry with the endothelial
function measured by the mediated �ow dilation of the brachial artery in the same individuals to
support assessments of the quality of the methods

Test in a randomized clinical trial the effect of hydroxychloroquine on in�ammatory markers such as
reactive C-protein.

Test in a randomized clinical trial the effect of hydroxychloroquine on glycemic homeostasis,
assessed by fasting glucose and HbA1c levels.

Test in a randomized clinical trial the effect of hydroxychloroquine on the lipid pro�le

To test in a randomized clinical trial the effect of hydroxychloroquine on the apnea-hypopnea index
and the mean and minimum O2 saturations assessed by portable sleep monitoring device

Trial Design {8}
This exploratory study was designed as a randomized researcher and patient blinded controlled trial with
a primary endpoint of change in endothelial function after eight weeks of treatment with
hydroxychloroquine. Randomization will be performed as block randomization with a 1:1 allocation ratio.

Methods: Participants, Interventions And Outcomes

Study setting {9}
The study is conducted in the research laboratory of two academic hospitals in Porto Alegre, Brazil:
Hospital de Clínicas de Porto Alegre and Instituto de Cardiologia do Rio Grande do Sul.

Eligibility criteria {10}

Inclusion Criteria
People over 65 years old
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Apnea-hypopnea index greater than 15 events per hour

Exclusion Criteria
Contraindication to the use of hydroxychloroquine (porphyria, retinopathy, severe hepatic or renal
dysfunction, neuropathy and / or muscle disease).

Rheumatic diseases

Chronic infections

Serious, terminal or disabling disease

Previous ECG with evidence of long QT interval

Previous or current treatment for obstructive sleep apnea

Who will take informed consent? {26a}
Members of our research group, formed by nurses, physical educators, nutritionists, medical doctors and
physiotherapists, will obtain informed consent from potential trial participants. After a brief explanation
of the study made by phone, we will schedule an appointment for those who are willing to participate. In
this appointment, all aspects and details of the study will be explained to the potential participant and the
informed written consent will be signed and given a copy to the participant.

Interventions

Explanation for the choice of comparators {6b}
Since there is no standard treatment available for endothelial dysfunction, we decided to compare
hydroxychloroquine with placebo. The placebo group will receive capsules identical to those of
hydroxychloroquine, containing the same excipient as the industrialized product.

Intervention description {11a}
The intervention group will receive a 400 mg hydroxychloroquine capsule daily for eight weeks, to be
taken with food or milk during lunchtime. Hydroxychloroquine is generally prescribed at a daily dose of
6.5 milligrams (or less) per kilogram of body weight (using this formula, the dosage for a 70-kilogram
person would be 455 mg/day). Considering patients newly diagnosed with lupus take 400 mg once daily,
we decided to use the same dose due to its known safety and e�cacy.

Criteria for discontinuing or modifying allocated
interventions {11b}
The intervention will be discontinued in case of any severe adverse effect or withdrawal of participant
consent

Strategies to improve adherence to interventions {11c}
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Every 2 weeks after starting the intervention, participants will receive a call to monitor adherence and
adverse effects. At the eight-week follow-up visit, participants will have their unused capsules counted
and recorded on the case report form.

Relevant concomitant care permitted or prohibited during
the trial {11d}
The participants are advised to not initiate any new care during the trial. The participant will be excluded
from the trial if any new concomitant care needs to be initiated.

Outcomes {12}
Outcomes

Main Outcome

Difference between the two groups on endothelial function measured by FMD (change of % of
dilatation of brachial artery diameter from baseline) and PAT (change of reactive hyperemia index of
�nger from baseline) after eight week of intervention.

Secondary Outcomes

Difference between the two groups on changes from baseline in concentration of PCR blood levels

Difference between the two groups on changes from baseline in the blood levels of HbA1c fraction

Difference between the two groups on changes from baseline in blood levels of fasting glucose

Difference between the two groups on changes from baseline in lipid pro�le (blood levels of fasting
total cholesterol, high-density lipoprotein cholesterol and triglycerides)

Difference between the two groups on changes from baseline in the apnea-hypopnea index and in
the mean and minimum oxygen saturation measured with the portable sleep monitoring device

Difference between the two groups on changes from baseline in weight

Difference between the two groups on changes from baseline in systolic blood pressure and diastolic
blood pressure

Comparison between rate of adverse effects on intervention x control group.

Participant timeline {13}

Sample size {14}
Based on the effect size estimate of 0.3 standard deviations in the response of endothelial function after
HCQ, for a 95% power and 0.05 level of alpha error probability, the sample size was estimated at 20
participants per group. Allowing for extra recruitment to compensate for losses, the sample size will be 25
participants per group, with a sum of 50 individuals.
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Assignment Of Interventions: Allocation

Sequence generation {16a}
Participants will be randomly assigned to either control or experimental group with a 1:1 allocation as per
a computer generated allocation list (https://www.randomizer.org/) using permuted blocks of four.

Concealment mechanism {16b}
The bottles with hydroxychloroquine or placebo will be numbered in the handling pharmacy that will
produce the capsules. Only the pharmacist will have access to the allocation list. Each participant will
match the bottle with the number that participant will receive in the plan. Both patients and researchers
involved with either primary or secondary outcome measures will be blinded to the patient's allocation.

Implementation {16c}
Someone from outside the research team will generate the allocation sequence.

Assignment Of Interventions: Blinding

Who will be blinded {17a}
Trial participants, researchers involved in the study, outcome assessors will be blinded.

Procedure for unblinding if needed {17b}
Unblinding will be permissible in case of severe adverse effects. The pharmacist with the allocation list
will be contacted to inform the assigned group of the participant in question.

Data Collection And Management

Plans for assessment and collection of outcomes {18a}

Biochemical tests
Biochemical assessment will be performed on all participants at the beginning of the study and after 8
weeks of treatment. The exams will be held early in the morning, with participants fasting. Blood samples
will be collected in �ve different sampling tubes with a capacity of 9 ml. The samples will be taken to the

Recruitment {15}
Patients will be recruited by telephone. We will contact participants in the MEDIDAS cohort study who
meet the inclusion criteria for this study. The MEDIDAS cohort study is composed by elderly with different
degrees of obstructive sleep apnea, recruited from a local basic health unit, after positive screening for
sleep apnea symptoms. .
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laboratory to measure plasma levels of: ultra-sensitive C-reactive protein, total cholesterol, HDL-
cholesterol, triglycerides, glucose and glycated hemoglobin.

Peripheral arterial tonometry
The microvascular endothelial function will be determined by an automatic device (EndoPAT2000, Itamar
Medical, Cesarea, Israel), with the technique already described. The cuff will be placed on the non-
dominant arm, 2 cm above the cubital fossa, and RH-PAT tests on the pulp of each index �nger will be
performed. The basal pulse amplitude will be measured for 5 minutes. Arterial �ow will be interrupted on
one side for 5 minutes by insu�ation of the cuff, with an occlusion pressure of 200 mmHg, or 60 mmHg
above systolic blood pressure. After 5 minutes of occlusion, the cuff is de�ated and reactive hyperemia,
the RH-PAT sign, is registered in both hands for an additional 5 minutes. The contralateral �nger is a
control for changes in systemic vasodilation. The reactive hyperemia index (RHI) is automatically
calculated by the RH-PAT equipment according to the manufacturer's formula. RHI is de�ned as the ratio
between post-de�ation pulse amplitude, 90 to 150 seconds after the cuff is released, and the mean
baseline pulse amplitude. This result is divided by the corresponding proportion of the control �nger, and
multiplied by a correction factor in relation to the baseline. Low RHI values   are related to an inadequate
endothelial vasodilator response.

Flow-mediated dilation of the brachial artery
High-resolution ultrasound equipment (Esaote) will be used to assess arterial endothelial function. A high
frequency transducer will be used to obtain longitudinal images of the brachial artery walls. The images
of diameter and arterial �ow, at each moment of the protocol, will be recorded simultaneously on a
computer with the aid of a capture card (Easycap). To minimize operational errors, both the transducer
and the subject's arm will be positioned and maintained in the same position during the examination.
Baseline images will be recorded for 1 minute and then the pressure cuff on the forearm will be in�ated to
200 mmHg and maintained for 5 minutes, characterizing reactive hyperemia. After de�ating the cuff, 3
minutes of endothelium-dependent brachial artery dilation will be recorded. After the exam, the images
recorded in MPEG will be converted to MP4 and then analyzed using speci�c software (Cardiovascular
Suite) for the diameter and arterial �ow before and after reactive hyperemia.

Portable sleep monitoring device
The portable sleep monitoring device Somnocheck Micro (Weinmann Medical Technology, Hamburg,
Germany) will be attached to the patient’s wrist. The patient will also use a nasal cannula to register
air�ow. The device will be programed to turn-on at 22pm and turn-off at 10 am. A combination of
photoplethysmography-derived pulse wave analysis and respiratory �ow signals may enable
differentiation between obstructive and central apnea and provide information regarding the extent of
sleep fragmentation. In detail, respiratory effort derives by analyzing �uctuations of the pulse wave
analysis signal caused by intrathoracic pressure changes during spontaneous breathing cycles. Central
apneas, RERAs, mean and minimum oxygen saturation and the apnea-hypopnea index will be reported
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according to the rules of the American Academy of Sleep Medicine. Portable sleep monitoring device will
be performed before and after 8 weeks of treatment.

Plans to promote participant retention and complete follow-
up {18b}
In order to promote participant retention and complete follow-up, all participants will be asked to provide,
at the beginning of the study, their updated contact informations.

Data management {19}
The web-based application REDCap will be used for data entry and storage. Original study forms will be
entered and kept on �le at the participating site. Participant �les will be maintained in storage for a period
of 2 years after completion of the study.

Con�dentiality {27}
All study-related information will be stored securely at the study site. All participant information will be
stored in locked �le cabinets in areas with limited access. All laboratory specimens, reports, data
collection, process, and administrative forms will be identi�ed by a coded ID [identi�cation] number only
to maintain participant con�dentiality. All records that contain names or other personal identi�ers, such
as locator forms and informed consent forms, will be stored separately from study records identi�ed by
code number.

Statistical Methods

Statistical methods for primary and secondary outcomes
{20a}
Normally distributed data will be presented as mean and standard deviation. Data not normally
distributed as median and interquartile range. The natural logarithmic transformation of the variable will
be used to correct its non-normal distribution in analyses that assume the normal data distribution. The
intervention arm (hydroxychloroquine) will be compared against the control for all primary analysis. We
will use chi-squared test for binary outcomes, and T-test for continuous outcomes. We will examine the
residual to assess model assumptions and goodness-of-�t. The group x time interaction will be tested
using generalized estimating equations. We will use the Bonferroni method to appropriately adjust the
overall level of signi�cance for multiple primary outcomes, and secondary outcomes. Results with a
probability < 0.05 of alpha error will be considered statistically signi�cant. Statistical analyses will be
performed using SPSS software (SPSS Inc., Chicago, IL, USA

Interim analyses {21b}
No interim analysis will be performed.
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Methods for additional analyses (e.g. subgroup analyses)
{20b}
There is no plan to conduct any subgroup or adjusted analyses.

Methods in analysis to handle protocol non-adherence and
any statistical methods to handle missing data {20c}
Participants who withdraw consent for continued follow-up will be included in the analysis by modern
imputation methods for missing data.The effect that any missing data might have on results will be
assessed via sensitivity analysis of augmented data sets.

Oversight And Monitoring

Composition of the data monitoring committee, its role and
reporting structure {21a}
Due to the short duration of the trial and known minimal risks, a data monitoring committee is not
needed.

Adverse event reporting and harms {22}
Hydroxychloroquine use may have potential risks for the participants. It is possible that the ingestion of
the drug causes side effects (loss of appetite, emotional instability, headache, blurred vision, pain in the
belly, nausea, itching and spots on the skin), described in the informed consent. To monitor these side
effects, follow-up phone-calls will be made every four weeks and adverse events will be investigated for
open-ended questions, including general symptoms, such as headache, nausea and blurred vision. An
adverse event that meets the criteria for a serious adverse will be reported to the institutional ethics
committee. A serious adverse event for this study is any untoward medical occurrence that is believed by
the investigators to be causally related to study-drug and results in any of the following: Life-threatening
condition, severe/permanent disability or prolonged hospitalization

Frequency and plans for auditing trial conduct {23}
There is no plan for auditing trial conduct.

Plans for communicating important protocol amendments
to relevant parties (e.g. trial participants, ethical
committees) {25}
Important protocol changes as well as changes in eligibility criteria, outcomes or analyses will be
communicated to the investigators, institutional ethics committee, trial participants, and trial registries.
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Dissemination Plans {31a}
The investigators will communicate relevant trial results to participants by telephone call and printed
material. The publication in a peer reviewed journal is mandatory for the thesis author have her PhD title
acknowledged. The results database will be made available at the university repository.

Discussion
The COVID pandemics forced changes in protocol. The research center was closed and volunteers were
instructed to cancel the visits. This incurred in the loss of 4 subjects. An interim analysis was performed
to check for the need to continue recruiting. A new sample size calculation was performed. The large
number necessary to obtain 80% power made the project unviable. The investigators decided to abandon
the project as initially designed. The �nding of a small but signi�cant reduction in the OSA severity may
be hypothesis-generating. We may continue searching for possible in�ammatory mechanisms and
therapeutic targets of OSA.

Trial Status
The recruitment began on 03/19. Due to the changes in protocol during COVID pandemic, recruitment will
not be resumed.
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Figure 1

shows the time schedule of the study.


