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Abstract

Introduction: Although supervised doses are essential for reducing leprosy treatment failure, the impact of specific drug interactions
has rarely been assessed. This study aimed to estimate the risk of leprosy treatment suspension in patients receiving polypharmacy.
Methods: We performed this case-control study in which the primary outcome was defined as the need to discontinue multibacillary
leprosy treatment for at least one supervised dose, and the main risk factor was the detection of polypharmacy. Multivariate analysis
by logistic regression was used for calculating odds ratio (OR). Results: This study included 103 patients, of whom 43 needed to
discontinue leprosy treatment (hemolysis = 26, hepatitis = 2, hemolysis associated with hepatitis = 6, and suspected treatment resistance
=9) and the rest did not. The severity of drug interactions had no effect on treatment discontinuation. Patients who used five or more
drugs in addition to leprosy treatment had almost a 4-fold greater risk of treatment suspension (OR, 3.88; 95% confidence interval:
1.79-9.12; p <0.001). The number of drugs used also positively influenced the occurrence of hemolysis (p < 0.001). No patient presented
evidence of molecular resistance to rifampicin, dapsone, or ofloxacin treatment, as evidenced by genetic sequencing detection of rpoB,
folp1, and gyrA mutations. Conclusions: Polypharmacy has deleterious effects on the already difficult-to-adhere-to treatment of leprosy
and polypharmacy induces hemolysis. Additional measures must be taken to avoid the undesirable effects of inadequate polypharmacy.
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INTRODUCTION The treatment of leprosy should be performed on an outpatient

) ) ) ) ] basis, in whatever clinical form, whenever possible, at primary

Leprosy is an infectious disease caused by the slow-growing  peajth care facilities®. Multidrug therapy (MDT), standardized by

Mpycobacterium leprae and is manifested by dermatoneurological 1, World Health Organization (WHO), comprises a combination of

signs and symptoms such as skin and peripheral nerve damage, 05 against M. leprae and patients are cured after 6 and 12 months

which may lead to disabilities of various kinds'. The disease is ¢ treatment, respectively, for paucibacillary and multibacillary

transmitted through direct contact with people having multibacillary leprosy*. Although there is a consensus that supervised doses are

leprosy who are not yet under treatment”. essential for reducing the risk of treatment failure, more complex

approaches such as polypharmacy are not commonly performed,
and the impact of these approaches has rarely been studied®.
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. treat various conditions’. There is no consensus regarding the exact
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the high frequency of associated comorbidities® and the need for
several drugs to control the sequelae make polypharmacy a relevant
concern. Corticosteroids, thalidomide, vitamin D, bisphosphonates,
and aspirin are recommended to control leprosy reactions and
reduce treatment-related damage’. In addition, analgesics,
anti-inflammatories, antibiotics, and proton-pump inhibitors are
often used in the course of leprosy treatment, introducing an
important challenge, especially in primary health care facilities®.

Therefore, this study aimed to estimate the risk of MDT
suspension in patients subjected to polypharmacy in addition to
the treatment of leprosy. We also aimed to describe the frequency
and influence of drug interactions during the adequate treatment
of leprosy.

METHODS

We followed the recommendations of the Strengthening the
Reporting of Observational Studies in Epidemiology statement:
Guidelines for reporting observational studies’. From January
2018 to July 2019, all multibacillary leprosy patients treated at the
University Hospital of Brasilia, Brazil, were recruited. This is a
tertiary hospital that is responsible for complex leprosy cases and
manages 50% of regional leprosy cases due to the lack of primary
care assistance. The criteria for the diagnosis of leprosy conformed
to the WHO’s definition'®.

We performed an unmatched case-control study in which the
primary outcome was defined as the presence or absence of the
need to discontinue MDT for the treatment of multibacillary leprosy
for at least one supervised dose. The main risk factor was defined
as the detection of polypharmacy when patients used at least five
medications in addition to the drugs used in MDT. This is considered
the most commonly used definition of polypharmacy, according to a
recent systematic review of the literature’. After inclusion, patients
were allocated to one of two groups according to their clinical
condition as follows: (1) cases: Patients who had to suspend MDT
for at least one supervised dose; (2) controls: Patients who did not
have to suspend MDT.

Data collection was performed by clinical consultation (medical
and nursing consultation). Additional risk factors, such as different
levels of polypharmacy, sex, age, degree of disability before
treatment, treatment time, adherence to treatment, and occurrence
of leprosy reactions, were also reported. The presence of molecular
resistance to MDT was accessed by genetic sequencing after nested
polymerase chain reaction amplification of rpoB, gyrA, and folpl
sequences. This evaluation has been routinely performed at the
hospital for all leprosy patients since 2017, as described elsewhere!'.

The type of MDT used (standard or substitutive treatment with
ofloxacin or/and minocycline) was also analyzed. Drug interaction
analysis was performed by a leprosy specialist as well as a
pharmacist using the UpToDate Drug Interactions Tool (UpToDate
Inc., Wolters Kluwe, Alphen aan den Rijn, The Netherlands) and
the Medscape Interaction Checker tool (Medscape, WebMD, New
York City, USA). Drug interactions were divided into three types:
(1) serious interactions (necessity of drug changes), (2) minor
interactions (necessity to monitor possible effects), and (3) no
interactions. Intrinsic interactions of the leprosy MDT regimen and
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interactions between MDT drugs and drugs used to treat reactional
states (prednisone and thalidomide) were not considered in this
analysis, as those drugs are considered essential for the management
of leprosy.

Patients with paucibacillary leprosy, patients belonging to
indigenous communities, and patients who did not sign the informed
consent form were excluded.

Sample size

For sample size calculation, we considered previous assistential
data from the University Hospital of Brasilia. A proportion of
patients who previously experienced polypharmacy were chosen.
We selected 60% of the cases exposed to polymedication and 30%
of controls exposed to polymedication. A bilateral confidence
level (1 - alpha) of 95% and power of 80% were also considered.
The minimum sample size was 84 patients, 42 in each group. The
sample size calculation was performed using the OpenEpi version
3.01 tool (Emory University, Rollins School of Public Health,
Atlanta, Georgia, USA).

Statistical analysis

Numeric variables were not categorized for univariate statistical
analysis. Multivariate analysis was performed using logistic
regression'?. The model was constructed using the following
variables considered clinically relevant for treatment suspension
and medication-induced effects: sex, age, reactional states, presence
of serious drug interactions, and the number of drugs used. The
threshold for age was set at 60 years to assess the risk of treatment
suspension in the elderly population. Odds ratio (OR) were
calculated to show the direction and magnitude of the comparisons'2.
To define statistical significance, a 95% confidence interval (95%
CI) and a p-value <0.05 were considered. Missing data were ignored
at the time of statistical testing, but no patient was excluded for this
reason. The RStudio program (RStudio Team [2016]) was used with
the EpiTools package — RStudio: Integrated Development for R.
RStudio, Inc., Boston, MA URL http://www.rstudio.com/.

Ethics

Patients were included only after they signed the informed
consent form after recruitment. The research complies with the
rules established by the Declaration of Helsinki, as well as its
revision in 2013'. This project was approved by the Research
Ethics Committee of the Faculty of Medicine of the University of
Brasilia (CAAAE: 71029717.1.0000.5558).

RESULTS

We included 103 patients in the study. Of these, 43 patients
needed to discontinue multidrug therapy (case group), and 60
did not need to discontinue treatment (control group) (Figure 1).
The demographic characteristics of each group are presented in
Table 1 and Table 2. The proportion of male patients was higher in
the control group (p <0.001) than in the case group. In the univariate
analysis, male sex negatively influenced the suspension of MDT
(OR, 0.23; 95% CI: 0.10-0.54).

The most common drug-related adverse reactions were
hemolysis and hepatopathy. Thirty-two patients from the case
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Potentially eligible participants
(n=106)
Excluded (n= 3)
Did not sign the informed consent form (n= 3)
Included patients
(n=103)
v
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MDT suspension group Control group
(n=43) (n=60)
v v
- Haemolysis (n=32) - Haemolysis (n=4)
- G6PD deficiency (n=1) - G6PD deficiency (n=0)
- Hepatopathy (n=6) - Hepatopathy (n=2)
- Median number of medications used = 12 - Median number of medications used = 7
- J
FIGURE 1: Study diagram of the flow of participants through the study. MDT: multidrug therapy for leprosy; G6PD: glucose-6-phosphate

dehydrogenase.

TABLE 1: Univariate analysis of possible risk factors for the suspension of leprosy multidrug therapy.

Leprosy multidrug therapy interruption

Risk factor Yes No OR 95% Cl p-value
n/total n/total
Male sex 16/43 43/60 0.23 0.10-0.54 <0.001
Substitutive treatment 42/43 8/60 273.00 32.83-2270.42 <0.001
Reactional state 23/43 23/60 1.85 0.84-4.09 0.127
Serious interaction 10/43 7/60 2.29 0.80-6.62 0.118
Minor interaction 41/43 58/60 0.71 0.10-5.23 0.733
Degree of physical disability -- -- -- -- 0.149
Omeprazole use 26/43 30/60 1.53 0.69-3.38 0.395
NSAIDs use 5/43 11/60 0.59 0.19-1.83 0.515
Hydrochlorothiazide use 4/43 4/60 1.44 0.34-6.09 0.717
Metformin use 11/43 4/60 4.81 1.42-16.37 0.010

n: number of patients; OR: odds ratio; Cl: confidence interval; NSAIDs: nonsteroidal anti-inflammatory drugs.
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group presented with hemolysis, while only four patients from
the control group presented with this specific adverse event
(OR, 40.73;95% CI: 11.98-138.51; p<0.001). The number of drugs
used by patients positively influenced the occurrence of hemolysis
(p < 0.001). Only one patient in the case group had glucose-6-
phosphate dehydrogenase deficiency. Six patients showed signs
of hepatopathy, such as transaminase elevation or cholestasis, in
the case group, and two patients showed the same reaction in the
control group (OR, 4.70; 95% CI: 0.90-24.55; p=0.065). However,
the number of drugs did not influence this reaction (p = 0.540).

The causes of treatment suspension were hemolysis (26
patients), drug-induced hepatitis (two patients), hemolysis
associated with drug-induced hepatitis (six patients), and suspected
MDT resistance (nine patients). In suspected MDT resistance cases,
the treatment was interrupted to perform genetic sequencing after
nested polymerase chain reaction sequence amplification of rpoB,
gyrA, and folpl sequences. No patient presented evidence of
molecular resistance to rifampicin, dapsone, or ofloxacin treatment.

The drugs most commonly used in addition to MDT were
omeprazole, nonsteroidal anti-inflammatory drugs (NSAIDs),
hydrochlorothiazide, and metformin, all of which can induce
hemolysis (Table 1). In the univariate analysis, only metformin
had a positive influence on treatment suspension (OR, 4.81; 95%
CI: 1.42-16.37; p = 0.010). However, when adjusted for sex, age,
the occurrence of reactional states, serious drug interactions, and
the number of drugs used — the same variables used for the main
outcome multivariate analysis — metformin use did not show
statistical significance for treatment suspension. None of the other
most commonly used drugs, in addition to MDT, was found to
have an influence on the occurrence of hemolysis in the univariate
analysis. An analysis of the influence of other drugs was not feasible
because of the multiplicity of factors and low sample variability.

The use of a substitutive regimen with ofloxacin or/and
minocycline was strongly associated with the suspension of MDT
(OR, 273.00; 95% CI: 32.83-2270.42; p < 0.001) in the univariate
analysis. However, this was not considered as a risk factor for the

suspension of MDT, as a substitution regimen is a natural choice
after adverse reactions and is rarely employed for reasons such as
drug resistance. The occurrence of reactionary states, the severity
of drug interactions, and the degree of physical disability before
treatment did not influence the suspension of MDT (Table 1). The
number of medical and physiotherapy appointments was higher in
the group that suspended MDT than in the control group (p=0.012
and p =0.019, respectively). The number of medications used was
also higher in the case group, with a median value of 12 than in
the control group, with a median value of 7 (p < 0.001) (Table 2).

The multivariate analysis confirmed that male sex was a
protective factor for the suspension of the MDT regimen. Serious
drug interactions had no effect on treatment discontinuation. The
number of drugs used by the studied patients significantly influenced
the chance of MDT discontinuation (Table 3). The patients who took
three or more drugs had a 2-fold greater risk of MDT withdrawal
(OR, 2.26;95% CI: 1.42-3.77; p<0.001). This association became
more pronounced as the number of medications increased, where
the use of five or more drugs increased the risk of suspension by
almost 4-fold (OR, 3.88; 95% CI: 1.79-9.12; p < 0.001), and the
use of 10 or more drugs increased the risk of suspension by 15-fold
(OR, 15.1; 95% CI: 3.20-83.20). Importantly, these associations
were corroborated by considerably narrow confidence intervals
(Table 3). In addition, in the multivariate analysis, hemolysis,
the most common cause of treatment suspension, was positively
influenced by female sex and by the number of drugs used (Table 3).

DISCUSSION

Early and adequate treatment of leprosy is the most important
measure for controlling disease transmission and managing
possible disease sequelae!*!®. Thus, successful administration and
completion of all recommended MDT doses are essential. Many
factors, including lack of adherence and side effects, frequently
disrupt treatment'c.

The high number of drugs to which a leprosy patient is exposed is
anotorious problem. MDT itself is composed of three drugs that are

TABLE 2: Influence of numerical variables on the interruption of multidrug therapy (univariate analysis).

Leprosy multidrug therapy interruption

Risk Factor yes no p-value
Age: mean (SD) 48.93 (15.86) 45.80 (16.61) 0.339

Consultation number

Medical: median (IQR) 9 (36.5) 5(8.25) 0.012

Nursing: median (IQR) 10 (13) 6.5 (9.25) 0.065

Physiotherapy: median (IQR) 2 (4.50) 1(1.25) 0.019

Bacilloscopic index: mean (SD) 1.26 (1.90) 1.46 (1.92) 0.599

Number of sick contacts: median (IQR) 2(3) 2(4) 0.699

Number of medications: median (IQR) 12 (4.5) 7 (4.25) <0.001

SD: standard deviation; IQR: interquartile range.
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TABLE 3: Multivariate analysis for the assessment of the main risk factor for multidrug therapy interruption in the treatment of multibacillary leprosy.

Outcome Treatment suspension Hemolysis Hepatopathy
Risk factor OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value
Male sex 0.29 0.11-0.77 0.014 0.20 0.07-0.55 0.002 0.61 0.12-3.17 0.551
Age >60 years 1.20 0.19-7.31 0.843 2.38 0.37-16.40 0.366 1.1 0.07-16.00 0.940
Reactional state 1.05 0.35-3.11 0.936 1.18 0.38-3.72 0.772 2.50 0.43-17.60 0.323
Serious interaction 0.85 0.23-3.08 0.800 1.59 0.45-5.79 0.473 1.56 0.19-9.66 0.646
Number of drugs <0.001 0.019 0.816

10 15.10 3.20-83.20 6.62 1.39-34.5 0.74 0.05-9.44

5 3.88 1.79-9.12 2.57 1.18-5.88 0.86 0.22-3.07

3 2.26 1.42-3.77 1.76 1.10-2.89 0.913 0.41-1.96

OR: odds ratio; Cl: confidence interval.

aimed at enhancing the cure probability and avoiding drug resistance*.
In addition, the treatment of reactional states requires the introduction
of additional drugs such as steroids, thalidomide, and pentoxifylline.
Furthermore, leprosy treatment creates the necessity for additional
drugs such as vitamin D, to prevent deleterious effects of steroids
on bone metabolism, and even antithrombotic drugs, pain relievers,
and proton-pump inhibitors™'7". The problem is compounded if
patients present with other comorbidities, such as hypertension and
diabetes. We evaluated the effects of polypharmacy on the adequate
treatment of leprosy, considering treatment interruption for at least
one supervised dose as the main outcome.

In the final multivariate model, we found that male sex was a
protective factor against MDT interruption. This can be explained
by the fact that men usually have greater body mass than women and
that drugs for adults are usually prescribed in fixed doses without
considering weight or sex. Patients with a greater body mass than
the reference value tolerate some medications better, and this is
probably true for polypharmacy?. Thus, different metabolic profiles
between sexes may be involved in polypharmacy?'.

The severity of existing drug interactions did not have an
effect on the occurrence of treatment interruption. We believe
that polypharmacy can lead to serious adverse effects, which are
the most common reasons for MDT suspension. The presence of
hemolytic anemia was significantly related to the number of drugs
used and was ultimately also more prevalent in patients in whom
MDT was interrupted than in the control cases. Only one patient
showed signs of glucose-6-phosphate dehydrogenase deficiency
in the case group. Hemolytic anemia is a well-known drug-related
adverse event in the treatment of leprosy because of the use of
dapsone, an oxidizing agent?>*.

Moreover, commonly used drugs such as metformin,
acetaminophen, hydrochlorothiazide, ketoconazole, NSAIDs,
and omeprazole can cause hemolysis?. Possibly, the interactions
between two or more of these drugs can enhance hemolytic risk.
These drugs have different mechanisms of action, but most are
known to produce gastrointestinal side effects. Acetaminophen, an

antipyretic, hydrochlorothiazide that inhibits sodium reabsorption
in distal renal tubules, and ketoconazole, an ergosterol synthesis
inhibitor, can cause hepatotoxicity. NSAIDs, which inhibit
prostaglandins, metformin, which reduces glucose absorption, and
even omeprazole, a proton-pump inhibitor, can cause unspecific
effects, such as nausea.

Regarding limitations, it is important to state that the presently
defined treatment suspension is not necessarily related to treatment
failure, as a treatment completion delay of 6 months can be tolerated
in multibacillary patients’. Additionally, a cure is a rather unfeasible
targeted outcome for clinical studies because of the long time
required for the detection of leprosy recurrence (usually more than 5
years)*. However, polypharmacy showed a clear influence on leprosy
treatment suspension and the occurrence of hemolysis. Unadjusted
confounders in observational studies must also be considered®.

We can conclude that polypharmacy has a deleterious effect on
the already difficult-to-adhere-to treatment of leprosy. Additional
measures, including clinical pharmacist’s advisory functions,
must be taken to avoid the undesirable effects of inadequate
polypharmacy and to ensure adequate MDT treatment. Further
investigations, including prospective studies, must be performed
to reduce the undesirable effects of inadequate polypharmacy in
the treatment of leprosy patients.
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