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Abstract

Background and Objective: Patients with COPD have elevated levels of airway glucose. This may increase the risk of
bacterial infection leading to exacerbation and disease progression. We aimed to test whether treating COPD patients

with metformin, an oral hypoglycaemic used in diabetes, reduced airway glucose.

Methods: In this randomized, double-blind, placebo-controlled crossover pilot study, we assigned patients with COPD
to two 3-month periods of treatment with 1g metformin or placebo twice daily, followed by the alternate treatment after a
2-week washout period. Patients were required to be free of infection, antibiotic or oral steroid treatment in the 8 weeks
prior to enrolment. The following were collected at baseline and monthly thereafter: sputum (lower airways sample),
nasal/upper airway lining fluid samples using synthetic absorptive matrix (SAM), spirometry, and St Georges
Respiratory Questionnaire (SGRQ) and COPD Assessment Test (CAT) scores. The primary outcome was a change in

sputum glucose following 3 months treatment with metformin compared to 3 months of placebo.

Results: 14 patients were randomised of whom 3 completed the study, mainly due to withdrawals for exacerbations
(8/11 withdrawals). In the n=4 patients who completed 3 months metformin treatment, there were no significant
changes in sputum or nasal glucose compared to baseline. Metformin did not affect COPD symptom scores or

spirometry.
Conclusions: Treatment with metformin in this underpowered pilot study did not significantly reduce airway glucose in
COPD. Larger studies are required to definitively evaluate this.
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Summary at a Glance

Elevated airway glucose is associated with bacterial infection in chronic obstructive pulmonary disease (COPD)
exacerbations. We tested whether metformin, a drug used to treat diabetes, reduced airway glucose in patients with
COPD. Recruitment/retention difficulties led to an underpowered study, which observed no difference between metformin

and placebo on airway glucose.

Introduction

Chronic obstructive pulmonary disease (COPD) affects an estimated 400 million people globally'l. As well as chronic
respiratory symptoms, patients with COPD suffer from episodes of acutely increased symptoms called exacerbations.
These can be triggered by viral infections, bacterial infections and pollution, with bacteria detected in 50-60% of
exacerbations. Bacterial infection of the lower airways is also associated with airway inflammation, disease progression
and mortalityl®l. Exacerbations with bacterial infection may require antibiotics, yet with antibiotic resistance a growing
problem, there is a need for alternative treatments. One therapeutic target is airway glucose; increased glucose levels
have been observed in the nasal lavage and sputum of stable COPD patients with further increases during viral/bacterial
COPD exacerbations!®l. In primary human airway epithelia models, lower levels of airway glucose impairedPseudomonas
aeruginosa growth in vitrd“l. Furthermore, in mice, hyperglycaemia promoted P. aeruginosa and Staphylococcus aureus
growth in the airways!“I®l. This suggests that levels of airway glucose affect microorganism growth and survival. It may
also explain why human bronchial epithelial cells increase glucose uptake in the presence of cytokines or pro-

inflammatory mediators; the subsequently reduced airway glucose levels may prevent infection(®/.

A potential approach to modulating airway glucose is with existing oral hypoglycaemic drugs, developed and licensed for
the treatment of diabetes. Metformin is one such drug and has been safely used in patients with COPD and diabetes
without causing hypoglycaemial’l. In patients with co-morbid COPD and diabetes, metformin treatment is associated with
a lower risk of COPD-related hospitalisation and death, particularly after 2 years use, and more so than other
hypoglycaemic agents including insulinl8IPI101111 - A 24, reduced risk of COPD exacerbation has been reported following
up to 180 days metformin usel'?l. as well as a 28% and 37% reduced risk of inpatient visits with COPD after 91-180 days

or 181-365 days metformin use respectively. [

The mechanism by which metformin reduces COPD exacerbations remains unclear. One study found that 6 months of
metformin treatment did not improve spirometry or alter exhaled nitric oxide, despite being associated with significant
changes in symptom scores!'*l. Furthermore, few studies have examined the effects of metformin in COPD patients
without diabetes. 1 month of treatment with metformin in patients with COPD admitted for an exacerbation who did not
have diabetes, had no impact on blood glucose (which was modestly raised in both the metformin and placebo-treated
groups), blood levels of the inflammatory marker C-reactive protein, or scores on the COPD Assessment Test (CAT) or
Exacerbations of Chronic Pulmonary Disease Tool (EXACT)!'®. However treatment began at hospital presentation, some

days after viral infection and symptom onset, and blood but not airway glucose levels were measured. We therefore
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undertook a pilot trial to determine whether metformin altered airway glucose in COPD and to assess the feasibility of

conducting a full-scale trial of the efficacy of metformin prophylaxis in reducing COPD exacerbations.

Methods

Human/Animal Ethics Approval Declaration
IRAS Number: 247421

Westminster Research Ethics Committee reference: 19/L0O/0633

Study Design

The Metformin and Airway Glucose In COPD (MAGIC) trial was a double-blinded, randomised, placebo-controlled cross-
over trial in COPD. Recruitment began 17 May 2022 and ended 01 June 2023. Participants were randomised to metformin
or placebo for 3 months, followed by a 2-week washout period before crossing over treatment arms. The participants
attended a baseline visit followed by monthly visits until the third month of treatment was completed. This was repeated
after crossing over. At these visits, symptoms, quality of life (QOL) and spirometry were assessed, and sputum and nasal

synthetic absorptive matrix (SAMs) samples collected.

Participants

Patients aged 40-85 years with a clinical diagnosis of COPD confirmed on spirometry (post-bronchodilator FEV/FVC
<70%) and a smoking history of at least 15 pack years were eligible for the study. Exclusion criteria included a diagnosis
of diabetes (previously or on screening bloods), treatment with metformin, contraindications to metformin (e.g. previous
allergic reaction to metformin, body mass index <18.5kg/m2), and a history of infection, antibiotic and/or oral corticosteroid
use in the previous 8 weeks. See supplementary material for full inclusion and exclusion criteria. Written consent was

obtained prior to participation.

Intervention, Randomisation and Masking

The study drugs were supplied by Sharp Clinical Services (Powys, UK), who produced visually identical metformin and
placebo tablets with the same packaging, differentiated only by a unique pack ID. Eligible subjects were randomly
assigned to either metformin or placebo twice daily in a 1:1 ratio, according to a sequential randomisation list generated by
a statistician working independently of the trial that was encoded in the study database and concealed up to allocation.
Subjects and study investigators were blinded to treatment allocation from randomisation until database lock. Treatment
identity was concealed by using placebo identical in packaging, labelling, schedule of administration, appearance, taste
and odour to metformin. Metformin was dosed at 500mg twice daily for one week to check tolerability, increasing to 1g

twice daily thereafter for the remainder of the 3 months. Patients were considered compliant if 280% of investigational
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medicinal product (IMP) was taken.

Outcomes

The primary outcome was change in sputum glucose following 3 months’ treatment with metformin. Glucose was
measured from sputum plugs using a commercial assay, the Amplex Red Glucose Assay Kit (Thermo Fisher Scientific,
UK). Secondary outcomes included glucose concentrations in nasal SAM strips, COPD Assessment Test (CAT) and St

George’s Respiratory Questionnaire (SGRQ) scores, and forced expiratory volume in 1 second (FEV4).

Statistical Analysis

A sample size calculation indicated that 30 subjects were required to detect a reduction of 30% in airway glucose, based
on the observation of similar reductions in airway glucose following metformin treatment in micel'®!, at 90% power using a

two-sided test at the 5% significance level. This was grossed up to 40 subjects to account for withdrawals.

Data were analysed using GraphPad Prism 9 (GraphPad Software, USA). Continuous variables are presented as medians
and interquartile ranges, with the Mann-Whitney U test used to analyse between groups and Wilcoxon signed-rank test for

paired analyses. Differences were considered statistically significant at p<0.05. All p values are two sided.

Resulis

Between 17 May 2022 and 01 June 2023, 14 participants were enrolled. 11 were subsequently withdrawn spread evenly
across the metformin and placebo treatment arms, 8 due to lower respiratory tract infections (Figure 1A). 3 subjects
completed 3 months of both metformin and placebo; 8 volunteers completed 3 months of a single arm (4 per arm; Figure
1B). In total, there were 16 sets of samples following 1 month’s treatment of either placebo or metformin (8 and 8
respectively); 12 from subjects who completed 1 month in the study and a further 4 from subjects who crossed over and

completed 1 month in the other treatment arm). The trial was ended following expiry of the study drug on 31 May 2023.
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Figure 1. Outline of participation in MAGIC study. Consort diagram (A). Timelines of individual participants of study (B).

There was no significant change in the primary outcome, sputum glucose following 3 months treatment with metformin
(median sputum glucose 68.92 (IQR 16.3 to 131.1) pM, either compared to baseline 5.3 (IQR 0.02 to 18) pM (p=0.13;
n=3) or 3 months placebo (median sputum glucose 12.2 (IQR 10 to 13) uM. Furthermore, there was no change in sputum
or nasal glucose with metformin treatment at any timepoint from baseline to 3 months (Figures 2A-B), including when only
analysing patients who completed 3 months of either arm of treatment (Figures 2C-D). We then analysed the change in
sputum and nasal glucose after 1 month’s treatment compared to baseline and found no significant change (Figures 2E-

F).
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Figure 2. Effect of metformin on glucose in upper and lower airways. Volunteers with COPD were assigned to either active or placebo with a
washout period before switching. Glucose levels were measured in sputum (A, C, E) samples and synthetic absorptive matrices (SAM) collected
from the nose (B, D, F). Glucose levels over the time course of the study for all participants measured (A, B); levels in individuals who complete a
full 3-month participation (C, D). Comparison of glucose levels at baseline (V1/V5) and one month later (V2/ V6). At baseline N=9 participants in
active, N=10 in placebo, n=4 participants finished a 3-month course of either metformin or placebo. Symbols represent individual participants and

lines medians, statistical analysis was performed by Mann-Whitney test (A-D) and Wilcoxon signed-rank test (E, F).

We additionally evaluated whether metformin affected airway function or symptoms of COPD, assessed by the CAT and
SGRQ questionnaires. There were no significant differences in any measurement at baseline between the two arms
(Figure 3A), and no difference after 1 month of treatment compared to baseline or between placebo and metformin

treatment (Figures 3B-F).
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Figure 3. Metformin had no impact on measures of airway function at one month. Volunteers with COPD were assigned to either active or
placebo with a washout period before switching. Measurements of airway function and symptoms were taken at visit 1 (A). Airway function and
symptoms were compared between initial visit 1 (VI) and Visit 2 (V2) of each arm for FEV1 (B), FVC (C), PEF (D), CAT (E) and SGRQ (F). n>9.

Symbols represent individual participants and lines medians, statistical analysis was performed by Wilcoxon signed-rank test.

Discussion

This pilot study adds to the literature on metformin in COPD by showing for the first time that up to 3 months of metformin
treatment does not affect glucose levels in upper (nasal) or lower (sputum) airways samples, albeit in small numbers of
patients. If born out in larger prospective studies, this would suggest that metformin does not reduce COPD exacerbations
by modulating airway glucose. It may be that metformin does not reduce exacerbations at all; the reduced rate of COPD
exacerbations seen in patients with comorbid diabetes on metformin[€I91101l1 ] js currently an association and not known

to be causal.

Furthermore, a comparison of airway glucose in patients with only COPD not on metformin against those with COPD and
type Il diabetes on metformin has not been made. Like other studies, we failed to see any impact of metformin on FEV; or

FvCl'4Il17] even though high airway glucose levels are associated with airway hyperresponsiveness!'€!

The main limitation of our study is the small sample size, due to a combination of under-recruitment and a high number of
withdrawals. Study recruitment was delayed due to the COVID-19 pandemic and limited by the expiry date of the IMP
when the study resumed, hence only 14 out of a target 40 patients were recruited. We subsequently had a high drop-out

rate owing primarily to the exclusion of patients who developed a lower respiratory tract infection (8 of the 11

Qeios ID: K7I8TM - https://doi.org/10.32388/K718TM 7/10



Q Qeios, CC-BY 4.0 - Article, November 27, 2024

withdrawals). These were excluded on the basis that both lower respiratory tract infections and the oral steroids often
used to treat them (alongside antibiotics) are known to alter airways glucose and could therefore confound the results.
The inevitable consequence, however, in a population of patients who suffer frequent exacerbations (particularly in the
autumn and winter when most of the subjects were enrolled) was a high number of withdrawals. Future studies could
consider including these participants and performing subgroup analyses on samples from non-infective timepoints.
However, even with our small numbers, there was no trend towards a difference in airway glucose with metformin

treatment.

The sputum results may have been affected by the poor quality of samples with low cell counts and high cell death, likely
due to immediate freezing of samples after collection. The same would not be applicable to the nasal SAM samples,
although these may not reflect sputum (lower airways) glucose as differences have previously been observed in the

biochemicals measured in sputum and nasal SAM samples collected at the same timel"9.

Outcomes of previous studies have suggested that longer periods of treatments such as 6 months may be required to
detect statistically significant changes in patient symptoms!'4l. At a minimum, 91 days of oral anti-hyperglycaemic
treatment has been required to reduce the risk of exacerbation, although this will be affected by the frequency of
exacerbations!'!. However exacerbations are relatively infrequent events and for this reason we chose a mechanistic
outcome, airway glucose, that should change sooner. Nonetheless future research may want to investigate levels of
airway glucose in patients with COPD and comorbid diabetes treated with metformin for various durations, to those with
COPD but without diabetes. Similarly, a trial of an oral hypoglycaemic intervention might consider studying a longer

duration of treatment.

In summary, in this underpowered pilot study we found no effect of up to 3 months metformin treatment on upper or lower
airways glucose in COPD. Given the strong epidemiological evidence linking metformin treatment to reduced rates of
COPD exacerbation and the growing problem of antibiotic resistance, larger interventional studies of metformin treatment
in COPD are warranted, and would ideally include analysis of a possible mechanism (e.g. measurement of airways

glucose).

Notes

ClinicalTrials.gov Identifier: NCT03651895
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Data Availability

All relevant data are within the manuscript and its Supporting Information files.
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