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Objective: Patients with chronic obstructive pulmonary disease (COPD) are a heavily comorbid group. Quinine is often used in the
treatment of restless leg syndrome (RLS), although the adverse effects of the drug may be harmful for specific patient groups. The aim
of this study was to determine the association between treatment with Quinine and the risk of acute exacerbations and mortality in
patients with COPD, which has not previously been investigated.

Methods: Analyses were performed on data from Danish national registries containing information about the relevant patients and
their health, prescriptions, hospital admissions, and outpatient clinic visits. A propensity score matched cohort was created by
matching the population on known predictors of the outcome, and an unadjusted Cox proportional hazards regression analysis was
performed. Lastly, a multivariable Cox analysis was performed on the entire, unmatched population, adjusting for the same variables
as used in the propensity matching.

Results: The study population consisted of a cohort of 56,691 eligible patients with COPD, of whom 3,139 were exposed to Quinine.
The propensity score matching led to two groups of 2,537 COPD patients, where one group was exposed to Quinine (cases) and the
other group was not (controls). Exposure to Quinine was associated with an increased risk of exacerbations or death in a sensitivity
analysis of the propensity-score-matched population (Hazard Ratio (HR) 1.130, 95% Confidence Interval (CI) 1.03 to 1.24). An
unadjusted analysis on the unmatched population showed similar results (HR 1.475, 95% CI 1.39 to 1.56).

Conclusion: In the current study, we found an association between the use of Quinine in patients with COPD and an increased risk of
acute exacerbations and death. The results must be interpreted with attention to the observational nature of the study, and in order to
definitively determine the association, further investigations should be performed.
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Background

Chronic Obstructive Pulmonary Disease (COPD) is one of the main causes of chronic morbidity and mortality
worldwide.! A key feature of the disease is airway obstruction due to inflammation, breakdown of the lung parenchyma,
and loss of elastic recoil.” Acute exacerbations of COPD (AECOPD) are a significant driver of both hospital admissions
and death among this patient group. Age is a risk factor for COPD and symptoms often worsen over time.”

Idiopathic muscle cramps are a common and distressing phenomenon, that often occurs in the legs as the so-called
restless leg syndrome (RLS). Similar to COPD, RLS prevalence and severity increase with age’ with a substantial
proportion of COPD patients suffering from RLS.>® One observational study from 2011 showed that more than 50% of
patients with COPD suffered from RLS symptoms, whereas only 5.9% of the healthy control group suffered from the
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symptoms.’ This is a heavily comorbid patient group, for whom especially cardiovascular diseases play a large and
important role, alongside the pulmonary consequences of the disease.! Quinine is commonly used in treatment of RLS.'

The exact mechanism, by which Quinine works, has not been established, but it is known that it decreases the
excitability of the motor end plate. This leads to a reduced response to nerve stimulation and increases the muscle
refractory period and thereby reduces its response to repetitive stimulation.'' These physiological mechanisms are related
to the blockage of sodium and potassium channels, which are also related to the release of neurotransmitter from airway
nerves.

It is not clarified whether Quinine also affects elements of COPD such as bronchoconstriction, production of mucus,
and airway inflammation.'*'® Fatal adverse effects of Quinine use in persons with pulmonary diseases have been
reported,'*"® however, a specific correlation has not previously been systematically investigated.

In the original use of Quinine in malaria treatment, the dosage is usually 600 mg three times a day, while the dosage
for treatment of muscle cramps is usually 200-300 mg once daily. This minimizes the dose-related adverse effects of the
drug though the drug may carry some side effects even at lower doses.'®

In 2006, the US Food and Drug Administration warned against the use of Quinine to treat muscle cramps because of
efficacy and safety issues.'” In 2018, the Danish Medicines Agency changed the status on drugs containing minimum
100 mg Quinine from over the counter to by prescription.”® This change was based on the European Medicines Agency’s
recommendations, which state that Quinine entails an increased mortality risk in patients with heart failure.?!

We hypothesized that the use of Quinine is associated with an increased risk of AECOPD and death. The aim of the
study was to clarify whether this connection may be present.

Materials and Methods

Study Design

This study was a national observational cohort study based on data from Danish registries. The period of inclusion was
from 1 January 2010 to 31 December 2018, and patients were followed 1 year after inclusion. Study entry was defined as
the first outpatient clinic visit registered in Danish Registry of COPD (DrCOPD).

The primary outcome was severe exacerbations of COPD within 12 months after study entry or death in the same
period. Death was included as a component in the primary outcome as it is a prominent competing risk in patients with
COPD. The secondary outcome was moderate exacerbations of COPD.

Severe exacerbations were defined as exacerbations leading to hospital admission, whereas moderate exacerbations
were defined as leading to the patient receiving a prescription of prednisolone and/or respiratory antibiotics, following the
Global Initiative for Chronic Obstructive Lung Disease (GOLD) classification.! Respiratory antibiotics included amox-
icillin, amoxicillin with clavulanic acid, benzylpenicillin, phenoxymethylpenicillin, moxifloxacin, azithromycin, roxi-
thromycin, clarithromycin, doxycycline and ciprofloxacin. All Anatomical Therapeutic Chemical (ATC) classification
codes are presented in online Supplemental appendix 1.

Reporting adheres to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines.”” A study protocol was web published prior to conducting the study.”?

Data Sources
Three registries were used in the study. Each Danish citizen is given a personal identification number at birth, allowing
linkage between registries.

The DrCOPD** is a Danish nationwide database, which contains information on health status and treatment of
patients diagnosed with COPD. From DrCOPD, we obtained data regarding inclusion date, forced expiratory volume in
1's (FEV1), Medical Research Council (MRC) dyspnea scale, body mass index (BMI), smoking history, age, sex, and
date of death.

The Danish National Health Service Prescription Registry (NPR)* is administered by the Danish Health and
Medicines Authority and it contains information on all prescriptions dispensed in Denmark. From this register, we
used data on date of dispensations and dose and strength of prescriptions.
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The Danish National Patient Register (DNPR)*° is also administered by the Danish Health and Medicines Authority.
The database contains information on both hospital admission and outpatient clinic visits, with diagnoses registered with
the International Classification of Disease 10th revision (ICD-10 codes).

Study Population
The participant population for this study includes all patients diagnosed with COPD with an outpatient clinic visit
registered in DrCOPD from year 2010 to 2018.

Patients with a malignant cancer diagnosis within 5 years before study entry (except non-melanoma cancer of the
skin) were excluded from the study. These diagnoses are presented by ICD-10 codes in online Supplemental appendix 2.

Furthermore, patients younger than 40 years were excluded.

Patient and Public Involvement
No patients were involved in the design or conduct of this study.

Permission for our use of registry data was given by the Danish Data Protection Agency. Such retrospective use of
data does not require ethical permission or patient consent in Denmark.

Statistical Analyses
Baseline characteristics were presented as frequencies and proportions for the matched and unmatched populations.
A p<0.05 was considered statistically significant.

A propensity score-matched cohort was created by matching the entire, eligible population on GOLD stage (1-4), age
group (1-4), sex (male/female), BMI group (1-5), smoking history (group I: active smoker/group II: previous smoker or
never smoker), number of AECOPD 12 months prior to baseline (0, 1, >2), inclusion year, Charlson Comorbidity Index
10 years prior to inclusion date (group I: 0-2 points = mildlyill, group II: 3—4 points = moderately ill, group III: >5

728 prescription of long-acting p2-agonists (LABA), long-acting muscarinic antagonists (LAMA)),

points: severely ill),
and inhaled corticosteroids (ICS) 1 year before inclusion in the study. We then used an unadjusted Cox proportional
hazards regression model to assess the outcome of the propensity score-matched population. Lastly, a multivariable Cox
proportional hazards model was performed on the entire, unmatched population, which was adjusted for the same
variables as matched for in the previously described analyses.

Model control of the assumptions for the Cox proportional hazards model was performed and continuous variables
that did not demonstrate linearity were categorized accordingly. No interaction between time and exposure was found,
confirming the assumption of hazard proportionality.

There was only missing data in GOLD stage (FEV1), BMI group, and smoking status. The missing values were found
in the next outpatient visit and in cases where this was not possible multiple imputation of the relevant variables was
performed.

Data management and statistical analyses were performed using Statistical Analysis Software V.9.4 (SAS Institute).
Propensity score matching was performed in the SAS PSMATCH-procedure based on the logit of propensity score, with
a caliper of 0.25 and using an extended common support region. In all survival analyses, ties were handled with the Efron
method.

Results

Study Participants
We identified 116,671 patients registered in DrCOPD, of whom 56,691 met all criteria for inclusion in the study. Of these
patients, 3,139 were treated with Quinine, as seen in Figure 1.

Baseline characteristics of the individuals in the unmatched and the matched population are presented in Table 1 for
both the exposed and the non-exposed group. The unmatched population consisted of 27,778 females (51.9%) and 25,774
males (48.1%) in the control group and 2,025 females (64.5%) and 1,114 males (35.5%) in the group exposed to Quinine.
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116,671 patients registered in DrCOPD" with COPD
(1 January 2010 — 31 December 2018)

52,291 patients excluded because of

missing outpatient clinic visits

\ 4

64,380 COPD patients with
outpatient clinic visits

460 patients excluded because
of age younger than 40 years

7,229 patients excluded because of
—>| cancer diagnosis? within 5 years
before inclusion

A\ 4

Study population:
56,691 eligible COPD patients

| | |

3,139 patients treated
with Quinine

53,552 patients not treated
with Quinine

Figure | Study flowchart.
Notes: |. Danish registry of Chronic Obstructive Pulmonary Disease 2. Malignant cancer diagnosis except non-melanoma cancer of the skin, ICD-10 codes presented in
Appendix 2.

In general, persons in the Quinine group were older, more likely to be female, less likely to smoke, and had more
comorbidities than the control group. Other than that, the two groups were comparable.

The propensity score matching resulted in two groups of 2,537 persons, of whom one group was exposed to Quinine
and one was not. Baseline characteristics of the population were obviously similar in the exposed and the non-exposed
group. Furthermore, the Quinine user group in the matched population is comparable to the Quinine user group in the
unmatched population on all variables.

Table | Baseline Characteristics

Matched Population' Entire, Unmatched Population
Quinine Users Non-Users Quinine Users Non-Users
n =2,537 n = 2537 n=3,139 n = 53,552
Variables n (%)
GOLD Stage”
GOLD | 159 (6.3) 136 (5.4) 181 (5.8) 3,423 (6.4)
GOLD 2 1,077 (42.5) 1,038 (40.9) 1,218 (38.8) 20,780 (38.8)
GOLD 3 960 (37.8) 981 (38.7) 1,076 (34.3) 17,587 (32.8)
GOLD 4 341 (13.4) 381 (15.1) 384 (12.2) 6,813 (12.7)
Missing data 0 (0) 0 (0) 280 (8.9) 4,949 (9.2)
(Continued)
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Table | (Continued).

Matched Population'

Entire, Unmatched Population

BMI, median (IQR)

25.0 (22.0-29.8)

Quinine Users Non-Users Quinine Users Non-Users

Age Group

<60 years 237 (9.3) 219 (8.6) 287 (9.1) 10,874 (20.3)

60-68 years 468 (18.4) 510 (20.1) 587 (18.7) 12,578 (23.5)

68-76 years 794 (31.3) 782 (30.8) 952 (30.3) 14,774 (27.6)

>76 years 1,038 (40.9) 1,026 (40.4) 1,313 (41.8) 15,326 (28.6)
Age, median (IQR) 73.7 (76.0-80.0) | 73.9 (66.7-80.3) | 74.1 (67.1-80.2) | 69.8 (62.0-77.1)
Sex

Female 1,620 (63.9) 1,607 (63.3) 2,025 (64.5) 27,778 (51.9)

Male 917 (36.1) 930 (36.7) 1,114 (35.5) 25,774 (48.1)
BMI Group®

<185 214 (8.4) 230 (9.1) 245 (7.8) 4,645 (8.7)

18.5-25 903 (35.6) 940 (37.1) 1,029 (32.8) 18,801 (35.1)

25-30 787 (31.0) 734 (28.9) 898 (28.6) 14,525 (27.1)

30-35 391 (15.4) 411 (16.2) 434 (13.8) 7,084 (13.2)

>35 242 (9.5) 222 (8.8) 264 (8.4) 3,786 (7.1)

Missing data 0 (0) 0 (0) 269 (8.6) 2,407 (8.6)

25.0 (21.8-29.9)

25.0 (22.0-29.3) | 25.0 (21.2-29.0)

Smoking Status

Never smoker 67 (2.6) 70 (2.8) 67 (2.1) 1,569 (2.9)
Previous/passive smoker 1,641 (64.7) 1,649 (65.0) 1,691 (53.9) 26,533 (49.5)
Current smoker 829 (32.7) 818 (32.2) 849 (27.0) 16,433 (30.7)
Missing data 0 (0) 0 (0) 532 (16.9) 9,017 (16.8)
No. severe exacerbations |2 months prior
0 1,316 (51.9) 1,326 (52.3) 1,622 (51.7) 31,919 (59.6)
| 228 (9.0) 222 (8.8) 284 (9.0) 4,251 (7.9)
>2 993 (39.1) 989 (39.0) 1,233 (39.3) 17,382 (32.5)
No. moderate exacerbations 12 months prior
0 471 (18.6) 458 (18.1) 600 (19.1) 14,778 (27.6)
| 413 (16.3) 410 (16.2) 514 (16.4) 9,799 (18.3)
>2 1,653 (65.2) 1,669 (65.8) 2,025 (64.5) 28,975 (54.1)
Charlson Comorbidity Index Group4
Group | 235 (9.3) 212 (84) 280 (8.9) 7,705 (27.4)
Group I 784 (30.9) 802 (31.6) 21,337 (39.8) 13,065 (46.5)
Group llI 1,518 (59.8) 1,523 (60.0) 22,065 (41.2) 7,350 (26.1)
Prescription® 12 months prior (yes)
Long-acting 2-agonists 2,196 (86.6) 2,086 (82.2) 2,654 (84.5) 41,120 (76.8)
Long-acting muscarinic antagonists 2,069 (81.6) 1,979 (78.0) 2,452 (78.1) 37,745 (70.5)
Inhaled corticosteroids 2,042 (80.5) 1,845 (72.7) 2,466 (78.6) 37.089 (69.3)
Oral corticosteroids 1,284 (50.6) 1,267 (49.9) 1,553 (49.5) 22,225 (41,5)

Notes: |. Propensity score matched on variables described in methods section 2. Severity of chronic obstructive pulmonary disease based on
obstruction stage, GOLD |: FEV| >80% = mild, GOLD 2: 50% < FEV| < 80% = moderate, GOLD 3: 30% < FEV| < 50% = severe, GOLD 4, FEVI| <
30% = very severe, 3. Body mass index 4. Group I: 02 points = mildly ill, group II: 3—4 points = moderately ill, group Ill: > 5 points: severely ill,”® 5.

At least one prescription.
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In total, 5,074 patients were matched on the variables described previously, 2,537 from, respectively, the Quinine
group and the control group. The matched population consisted of 1,607 females (63.3%) and 930 (36.7%) males in the
control group and 1,620 females (63.9%) and 917 males (36.1%) in the Quinine group.

Analyses

An unadjusted Cox proportional hazard model was performed on the propensity score matched population at 12-months
follow-up, in which treatment with Quinine showed an increase in the risk of AECOPD and death (Hazard Ratio (HR)
1.13, 95% Confidence Interval (CI) 1.03 to 1.24).

Similar results were found in an unadjusted Cox model on the unmatched population (HR 1.475, 95% CI 1.39 to
1.56). Furthermore, an adjusted Cox proportional hazard model performed on the unmatched population showed the
same tendency (HR 1.23, 95% CI 1.15 to 1.31). The HRs for these analyses and all variables in the adjusted analysis are
presented in Figure 2.

In the propensity score matched population, 1,001 persons exposed to Quinine had an event (AECOPD or death)
within 12 months follow-up, whereas 906 persons in the group not exposed to Quinine had a similar event in the same
period. This translates to 39.49% in the exposed group and 35.71% in the non-exposed group. In the unadjusted
population, the signal was similar, as 39.41% (n = 1,237) in the Quinine group had an event and 28.77% (n = 15,409)
in the non-exposed group had one. The correlation in percentage is illustrated in Figure 3.

HR  95%CI i

Cox regression on propensity-score-matched population E

Quinine (ref.: yes) 1.13 (1.03-1.24) ]
Unadjusted Cox regression on unmatched population E

Quinine (ref.: yes) 1.48 (1.39 - 1.56) ! —e—]
Adjusted Cox regression on unmatched population

Quinine (ref.: yes) 1.23(1.15-1.31) X f—e—o

GOLD Class (per pointincrease) ~ 1.58 (1.54 — 1.61) o

Age Group’ (per point increase) 1.20(1.18 -1.23) E o]

Gender (ref.: male) 1.00 (0.97 —1.04) |—9—|

BMI Group’ (per point increase) 0.93 (0.91 -0.94) |-of E

Smoking (ref.: yes) 1.20(1.16 -1.25) E —o—

Severe exa’ (per point increase) 1.46 (1.43 - 1.50) E o

Moderate exa’(per pointincrease) 1.22 (1.19 — 1.25) E o

CCI° (per point increase) 1.30 (1.27 - 1.35) : fo—|

LABA (ref.: yes) 1.05(0.97 -1.12) |E—0—|

LAMA’ (ref.: yes) 1.07 (1.02-1.12) E —eo—]

ICS’ (et yes) 120 (113 -1.27) : boe |

T T T E T T T T T T T
0.7 0.8 0.9 1 1.1 12 13 14 15 16 17

Adjusted Hazard Ratio

Figure 2 Forest plot of Hazard Ratios (HR) and 95% Confidence Intervals (Cl).

Notes: |. Severity of chronic obstructive pulmonary disease based on obstruction stage, GOLD I: FEVI > 80% = mild, GOLD 2: 50% < FEV| < 80% = moderate, GOLD 3:
30% < FEVI < 50% = severe, GOLD 4, FEV| < 30% = very severe, 2. Age group |: age < 60 years, group 2: 60 years < age < 68 years, group 3: 68 years < age < 76 years,
group 4: 76 < age, 3. Body mass index, group I: BMI < 18.5, group 2: 18.5 < BMI < 25, group 3: 25 < BMI < 30, group 4: 30 BMI < 35, group 5: 35 > BMI, 4. Severe
exacerbation of COPD, within the last 12 months, defined as leading to hospital admission, group |: 0, group 2: |, group 3: >2, 5. Moderate exacerbation of COPD, within
the last 12 months, defined as leading to the patient receiving a prescription of prednisolone and/or respiratory antibiotics, group |: 0, group 2: |, group 3: >2, 6. Charlson
comorbidity index, group (I) 0-2 points = mildly ill, group II: 3—4 points = moderately ill, group Ill: >5 points: severely ill, 7. Long-acting $2-agonists, 8. Long-acting muscarinic
antagonists, 9. Inhaled corticosteroids.
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Figure 3 Cumulative Incidence Figure of events (AECOPD or death) in Quinine-users and non-users in (A) the Propensity Score Matched population and (B) the
unadjusted population.

Notes: The Y-axis is a presentation of the probability of an event (AECOPD and/or death) and the X-axis represents days of follow-up after inclusion in the study. In the red
box is presented the hazard ratio of events in sub-figure (A) the Propensity Score Matched Population and (B) the unadjusted population.

Discussion

In this nationwide registry-based cohort study, we found that the use of Quinine was associated with an increased risk of
AECOPD. This association was significant both in analyses of the unmatched population and in analyses of the
population matched on relevant variables.

The specific correlation between the use of Quinine and AECOPD has not previously been systematically investi-
gated, though similar results have been proved with different patient groups.

A cohort study with a study population of 175,195 patients by Fardet et al from 2017 found a significantly increased
mortality in persons exposed to Quinine compared to persons not exposed to the drug (HR 1.24, 95% CI 1.21-1.27).*°
Similar results were found in an observational study with a population of 135,529 patients by Gjesing et al from 2015. In
this study, a slightly increased mortality risk with the use of Quinine alone was found (incidence rate ratio (IRR) 1.04,
95% CI 1.01-1.07).

The first-mentioned study included all patients with a prescription of Quinine for a minimum of 12 months.
Meanwhile, the study by Gjesing et al focused only on patients with heart failure, as they often experience leg cramps
and are commonly treated with Quinine.*

The present study is the first large observational nationwide registry study that investigates the impact of treatment
with Quinine on severe and moderate exacerbations of COPD in a real-life outpatient cohort with 12 months follow-up.
The study had a large population size with more than 50,000 patients meeting all inclusion criteria. All patients were
registered in national Danish registries, which allowed us to control for important confounders and thereby reduce the
risk of bias and ensure no loss to follow-up. We thus have complete follow-up on all outcomes. DrCOPD enabled us to
ensure a correct COPD diagnosis, made by a respiratory specialist and verified through spirometry during annual
outpatient visits, thereby reducing the risk of misclassification bias. To reduce the risk of unmeasured “new user” bias,
we propensity-score matched on several known predictors of the outcome and the survival analysis was adjusted for the
same variables.

There are, however, also limitations to the current study. First, despite having adjusted the analyses for known
confounders, the survival analysis suggested an increased risk of AECOPD with the use of LABA, LAMA and ICS,
which indicates some residual bias by indication, since at least LAMA and ICS are documented to reduce AECOPD.*!?
Second, it was not possible, given the registry design, to monitor the patients’ adherence, as exposure to the drug in this
study was defined by a collected prescription, which is what the databases provide information on. It was not possible to
determine whether patients used the medication, which is an inborn error in the design of the retrospective registry study.
However, the uncertainty is limited because we know the prescriptions are collected, which makes it very likely that the
drugs were also used by the patients. Non-adherence would lead to a conservative bias since actual non-users would be

classified as users. Third, the baseline data on the unmatched population showed significant differences between the two
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groups especially in age, sex, and comorbidities described by the Charlson Comorbidity Index score. The difference in
age and sex is bound to the patient group, as RLS occurs more often in women than in men and the occurrence increases
with age. The difference in comorbidity does though entail some bias to the results, as the increased occurrence of
AECOPD and death in the case-group could be related to the existing comorbidities rather than exposure to Quinine.
However, the difference in number of exacerbations (both moderate and severe) between the two groups is not as large,
which indicates that the found association is in fact linked to Quinine. This indication is accentuated by the results in the
propensity score matched population. Here, difference in comorbidities was taken into consideration, and the results are
similar to those in the unmatched population. Fourth, it was not necessary to have a prescription to buy Quinine in
Denmark until year 2018, and therefore we must expect that there are more users of the drug than included in our study. It
was though always financially more beneficial for patients to buy the drug with a prescription, and it becomes apparent in
our data that a large number of patients did have prescriptions of Quinine in these years.

In conclusion, our analyses consistently suggest an association between treatment with Quinine and an increased risk
of acute exacerbations and death in patients with COPD. Our data thus support the risk correlated with the use of this
drug by people with COPD. Based on existing data on the effect of Quinine in other patient groups combined with
knowledge on the mechanisms of COPD it makes theoretical sense that such an association would be evident. The result
of this study emphasizes this association. The current recommendations against the use of Quinine in the treatment of
RLS in Denmark are primarily targeted patients with heart failure, but the findings in this study indicate that these
recommendations could also be relevant for patients with COPD. Moreover, the benefit should be weighed against the
risks and thus nonpharmacologic interventions and other drugs, such as antiepileptics, calcium channel blockers, various
vitamins and minerals have been investigated as possible substitutes for the treatment.

However, the results should be interpreted with reservation, as this was an observational study. To clarify the degree
of residual confounding and determine whether Quinine is in fact the cause of the found risk, randomized controlled trials
(RCT) should be performed. Our hypothesis is thus not definitively answered, but it seems very likely that there may
exist an increased risk of exacerbations among COPD patients using Quinine.
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