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Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a major 

global contributor to morbidity and mortality, currently 

identified as the third highest cause of death globally.1 It 

has been characterized by a gradual, irreversible 

reduction in airflow and persistent inflammation, typically 

caused by prolonged exposure to cigarette smoke or 

other harmful particles. 2,3 Acute exacerbations of COPD 

(AECOPD) considerably deteriorate patient outcomes, 

elevate healthcare burden, and constitute the principal 

factors contributing to hospital admissions and economic 

burdens in COPD management.4,5  

Standard pharmacological therapy, such as 

bronchodilators, inhaled corticosteroids, and combination 

regimens, alleviate symptoms and decrease exacerbation 

frequency; however, they fail to target the fundamental 

inflammatory or declining mechanisms integral to COPD 

disease process.6,7 Research indicates that oxidative 

stress, persistent inflammation, and expedited pulmonary 

ageing are critical factors in disease advancement and 

acute deterioration.8,9 Consequently, there exists growing 

interest in treatments that can target these processes and 

perhaps alter the progression of COPD.  

Metformin is a first-line oral medication for Type 2 

Diabetes Mellitus (T2DM) that is commonly used 

because it works well, is safe, and is cheap 10 In 

addition to its antihyperglycemic activity, metformin 

has antioxidant and anti-inflammatory effects, mainly 

by activating AMP-activated protein kinase (AMPK) and 

blocking pro-inflammatory signaling pathways.11 

Observational studies suggest that metformin may 

lower the likelihood of exacerbations and enhance 

outcomes in individuals with COPD and diabetes.12 

Nonetheless, evidence from randomized controlled 

studies in non-diabetic groups is still scarce and 

equivocal.  

The objective of this study is to assess the impact of 

metformin on the incidence of acute exacerbations, 

pulmonary function, and quality of life in non-diabetic 

individuals with COPD. We postulate that metformin, 

by its multifaceted properties, may decrease frequency 

of exacerbations and enhance clinical outcomes in 

these individuals. 

Methodology 

Original Article 

A B S T R A C T  
Background: Chronic Obstructive Pulmonary Disease (COPD) is a progressive illness characterized 
by considerable mortality and morbidity. Metformin may help with COPD in more ways than just 
lowering blood sugar levels. It might additionally possess anti-inflammatory properties.  
Objective: To evaluate the effect of metformin on acute exacerbations, pulmonary function, and 
quality of life in non-diabetic COPD patients. 
Methodology: In this single-center, pragmatic randomized controlled trial, 152 non-diabetic COPD 
patients were randomly assigned either metformin (500 mg twice daily) or conventional treatment 
for a duration of 6 months. The primary outcome was how often acute exacerbations were 
experienced. Secondary outcomes encompassed change in pulmonary function tests, functional 
status through COPD Assessment Test (CAT), the BODE Index, and HbA1c levels.  
Results: Total 144 patients completed randomization process among both groups. After 6 months, 
pulmonary functions, FEV1(52.6±10.2 Vs. 46.4±11.8, p<.001), FVC (72.1±8.1 Vs. 66.6±11.6, P<.001), 
and FEV1/FVC (72.6 ± 8.3 Vs. 69.1±9.1, p=.01) were significantly improved in the metformin group 
compared with the control group. There was no statistically significant difference in the frequency 
of acute exacerbations (3.19±2.7 Vs. 3.5±3.1, p=0.55), CAT score (15.8 ±10.6 Vs. 15.5±9.2, p=.86), 
mMRC (1.46±1.2 Vs. 1.4±1.1, p=.94) or BODE Index (3.1±2.5 Vs. 3.06±2.5, p=.47) across the groups. 
The metformin group had a more significant decrease in HbA1c (5.38 ± 0.27% vs 5.83 ± 0.58%; 
p<0.001).  
Conclusion: Metformin significantly improved pulmonary function but failed to decrease 
exacerbation frequency or improving quality of life in non-diabetic COPD patients. Its key advantage 
is still controlling blood sugar levels.  
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The study design was a pragmatic, prospective two-arm, 

randomized controlled trial comparing metformin group 

(investigation group) with a control group of standard 

care, conducted at the Department of Medicine, Bahawal 

Victoria Hospital, Bahawalpur, from March 2023 to 

February 2024. The study was approved by the Ethical 

Review Committee vide no. ERC/268-31/QMC.  

A total of 152 patients were randomized into two groups: 

75 patients were allocated to the metformin group and 77 

to the control group. All randomized patients were 

followed up at 3 months and again at 6 months. At the 6-

month follow-up, 72 patients in the metformin group and 

72 patients in the control group completed the study. 

Thus, 3 patients from the metformin group and 5 patients 

from the control group did not complete the 6-month 

follow-up. 

Participants fulfilling the inclusion criteria were eligible for 

the study: informed consent, as documented by 

signature; minimum age 35 years and confirmed COPD 

(GOLD grades 2–4, according to GOLD guidelines), a 

smoking history of at least 10 pack-years, and a post-

bronchodilator forced expiratory volume in one second 

(FEV1/FVC) ratio of less than 0.7. All the patients should 

be non-diabetic with HbA1c below 5.7%. Exclusion 

criteria were mental or physical disability, severe 

uncontrolled comorbidities, pregnancy or lactation, BMI 

<18.5 kg/m², known diabetes with HbA1c >6.4% and 

other long-term lung disorders. Any adverse events 

occurring during the outpatient visit, such as, 

gastrointestinal symptoms, lactic acidosis, increased 

respiratory symptoms, or cardiac events, were recorded 

and reported to the Ethical committee. 

A total of 144 participants were randomly assigned to 

standard COPD care (control group) or metformin plus 

standard COPD care (study group) in 1:1 ratio.  All 

individuals with confirmed COPD and referral to the chest 

department of Bahawal Victoria Hospital, were invited 

consecutively to participate in the study. All patients got 

the best possible care for their COPD according to GOLD 

recommendations.  

At the beginning, three months later, and six months 

later, participants were tested for:  

Acute exacerbations in term of worsening of symptoms 

requiring additional treatment or hospitalization, (2) 

Pulmonary function tests (FEV1, FVC, FEV1/FVC) through 

spirometry, (3) BODE Index (includes BMI, FEV1, 

distance walked in 6 minutes and modified medical 

research council dyspnea scale), (4) mMRC (Modified 

medical research council dyspnea scale) ranging from 

Grade 0 (breathleass with strenuous exercise, Grade 1, 

dyspneic when hurrying , Grade 2, stops to breathe on 

level ground, Grade 3, stops for breath after walking 100 

meters, to Grade 4, too breathless to leave home. (5) 

HbA1c and (6) COPD Assessment Test (CAT) score, 

calculated through the CAT website. 

The severity of CPOD will be assessed according to 

GOLD criteria given in Table 1. 

 

Table 1. GOLD Classification of COPD 

GOLD 

Stage  

Severity  FEV1 (% predicted, 

post-bronchodilator)  

GOLD 1  Mild  FEV1 ≥ 80%  

GOLD 2  Moderate  50% ≤ FEV1 < 80%  

GOLD 3  Severe  30% ≤ FEV1 < 50%  

GOLD 4  Very severe  FEV1 < 30%  

Primary outcome: No of acute exacerbations during the 

follow up period in term of requirement of additional 

treatments or hospital admissions for worsening 

dyspnea. 

Secondary outcomes: Secondary outcomes were any 

change in FEV1/FVC, CAT score and BODE index to 

assess the disease progression among COPD patients. 

Any change in HbA1C was also noted as secondary 

outcome. 

Statistical Analysis: Data were analyzed using IBM 

SPSS version 26.0. Categorical variables were 

summarized as frequencies and percentages; 

continuous variables as mean ± SD. Group 

comparisons were made using independent t-tests or 

chi-square tests as appropriate. P<0.05 was 

considered statistically significant. 

Results 

Among the 144 participants, 90% were male, mean 

age was 53.3 ± 8.2 years, and 66.7% resided in rural 

areas. Baseline demographic and clinical characteristics 

were comparable between groups (Table 3). 

Pulmonary Functions and clinical parameters are 

compared among both groups after 3 months of 

randomization (Table 4). 

 After six months of randomization, participants who 

used the metformin were more likely to have better 

pulmonary function (higher FEV1, FVC, and FEV1/FVC) 

and improved glycemic control (lower HbA1c). 

However, there were no significant differences in the 

frequency of acute exacerbations, CAT score, or BODE 

Index between the groups Table 5. 

Table 2. BODE Index. 

     Points on BODE Index 

Variables 0 1 2 3 

FEV1(% of 
predicted) 

≥65 50-64 36-49 <35 

Distance walked 
in 6 min(m) 

≥350 250-
349 

150-
249 

≤149 

mMRC 0-1 2 3 4 

BMI kg/m2 >21 ≤21   
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No cases of lactic acidosis occurred. Gastrointestinal 

symptoms were managed by switching to extended-

release metformin. 

Table 4. Pulmonary Function and Clinical Parameters 3 
months Post-randomization 

Parameter  Metformin 
(n=72)  

Control 
(n=72)  

p-
value  

HbA1C 5.4±0.18 5.5±.35 0.001 

FEV1 (% 

predicted, 

mean ± SD) 

50.8±11.5 46.9±11.4 0.04 

FVC (% 
predicted, 
mean ± SD)  

72.3±7.8 68.1±11.7 0.012 

FEV1/FVC 
(mean ± SD)  

69.9±11.7 68.4±8.8 0.378 

CAT Score 
(mean ± SD)  

16.1±10.7 15.6±9.4 0.73 

6-minute walk 
distance 
(mean ± SD, 
meters)  

337.8±110.5 342.7±130.2 0.81 

Number of 
exacerbations 

in last 3 

months  

3.3±2.4 3.1±3.1 0.70 

mMRC 
Dyspnea Scale 
(mean ± SD)  

1.5±1.2 1.2±1.02 0.271 

BODE Index 
(mean ± SD)  

3.1±2.5 3.06±2.5 0.844 

Discussion 

This randomized controlled trial explored the impact of 

metformin on acute exacerbations and clinical outcomes 

in non-diabetic individuals with COPD. Our results suggest 

that metformin significantly improved pulmonary function 

parameters, such as FEV1, FVC, and FEV1/FVC ratios. 

However, it did not significantly lower the number of 

acute exacerbations or improve quality of life, as 

measured by the CAT score or the BODE index, during 

the six-month follow-up period.  

The notable enhancement in spirometric values 

reported in the metformin group corresponds with 

studies indicating that metformin’s anti-inflammatory 

and antioxidant properties may enhance lung structure 

and function.13 Metformin promotes AMP-activated 

protein kinase (AMPK), which has been demonstrated 

to diminish airway inflammation, alleviate oxidative 

stress, and regulates cellular metabolism and 

autophagy, potentially decelerating the advancement 

of airway remodeling in COPD.14,15 Animal studies have 

corroborated this by demonstrating less 

emphysematous alterations and a decelerated disease 

progression subsequent to metformin administration.16  

Our findings contribute to the existing evidence by 

validating enhancements in lung function across a 

clinical cohort of non-diabetic COPD patients. 

Nonetheless, the absence of a substantial disparity in 

acute exacerbation frequency and clinical indices, 

including CAT and BODE scores, between the 

metformin and control groups aligns with other 

preceding clinical trials.17,18 In a randomized controlled 

trial with non-diabetic COPD patients, Hitchings et al.17 

determined that metformin did not influence 

exacerbation rates or quality of life, despite minor 

enhancements in metabolic indicators. Likewise, a 

systematic review and meta-analysis conducted by Zhu 

et al.18determined that although metformin may 

provide safety and some advantages in pulmonary 

function, its impact on clinical outcomes in non-diabetic 

COPD patients is still restricted. These results indicate 

that although metformin may enhance specific 

physiological markers, its conversion into significant 

Table 3. Baseline Demographic and Clinical Characteristics Between the Groups. 

Characteristics  Metformin (n=72)  Control (n=72)  p-value  

Male, n (%)  64 (88.9%)  66 (91.7%)  0.39 

Female, n (%)  8 (11.1%)  6 (8.3%)  
 

Mean Age ±SD 52.9±7.1 53.7±9.2 .56 

Rural residence, n (%)  48 (66.7%)  48 (66.7%)  0.57 

Smoking years (mean ± SD)  22.49 ± 7.00  23.96 ± 7.97  0.24  

BMI (kg/m², mean ± SD)  25.95 ± 3.17  26.20 ± 4.43  0.69  

HbA1c (% mean ± SD)  5.43 ± 0.19  5.42 ± 0.20  0.63  

Comorbidities:  
  

0.12  

- CVA  0 (0%)  3 (4.2%)  
 

- Hypertension  13 (18.1%)  3 (4.2%)  
 

- None  59(81.9%)  66 (91.6%)  
 

 FEV1 (% of predicted) Mean ±SD  50.6±9.9 47.2±11.2 .05 

 FVC (% of predicted) (Mean ±SD) 72.7±8.3 69.1±11.7 .03 

 FEV1/FVC (Mean ±SD) 69.2±8.1 67.9±8.3 .34 

 No. of exacerbations in previous 3 months (Mean ±SD) 4±2.9 3.3±2.8 .12 

 CAT Score (Mean ±SD) 16.8±10.7 16.25±9.4 .73 

 6 Minute Walk Distance (Mean ±SD) 331.5±108.1 345.9±123.1 .45 

 mMRC Dysponea Scale (Mean ±SD) 1.5±1.1 1.2±1.1 .08 

 BODE Index (Mean ±SD) 3.19±2.4 2.85±2.4 .39 
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therapeutic advantages for symptom burden or 

exacerbation risk remains ambiguous, particularly in non-

diabetic people. 

A major finding in our study is the notable decrease in 

HbA1c in the metformin group relative to controls. This 

confirms metformin's well-known ability to lower blood 

sugar levels19 and shows that it is safe and has metabolic 

benefits even for people with chronic lung disease who 

don't have diabetes. The lack of severe side effects, such 

as lactic acidosis—a theoretical worry in individuals with 

chronic respiratory diseases—reinforces the growing 

evidence about the safety of metformin in the COPD 

population.20,21 Some studies have indicated metformin's 

extensive preventive function, including decreased 

mortality and hospitalization rates in COPD patients with 

concurrent diabetes, potentially attributable to its anti-

inflammatory and endothelial-protective properties.12,22 

Our results must be understood within the framework of 

many restrictions. The study was executed at a single 

Centre, and the sample population was primarily male, 

which may restrict generalizability. The follow-up period 

was relatively brief (six months), potentially inadequate 

to assess long-term impact on exacerbation rates or 

disease progression. Additionally, the removal of patients 

with substantial comorbidities or severe disease may 

have resulted in a selection bias, favoring individuals with 

comparatively stable COPD.  

Despite these constraints, this study provides significant 

evidence to the developing domain of COPD 

management. The findings corroborate recent studies 

suggesting that the advantages of metformin in non-

diabetic COPD patients may primarily be limited to 

physiological enhancements in lung function, lacking a 

definitive decrease in acute exacerbation rates or 

significant advancements in patient-centered 

outcomes.17,18,23 Subsequent multicenter 

investigations with bigger and more heterogeneous 

populations, extended follow-up periods, and the 

examination of metformin's impact on certain COPD 

phenotypes characterized by significant systemic 

inflammation or metabolic dysfunction, are essential.24 

In conclusion, metformin enhanced pulmonary function 

in non-diabetic COPD patients; however, it did not 

markedly decrease exacerbation frequency or enhance 

clinical indicators of disease burden and quality of life. 

Its key advantage is still its ability to control blood 

sugar and its possible safety profile, not its ability to 

change the course of COPD in people who don't have 

diabetes. 

Conclusion 

Metformin improved pulmonary function in non-

diabetic COPD patients; however, it did not significantly 

decrease acute exacerbations or enhance clinical 

outcomes. Its role in COPD management seems 

restricted to its anti-hyperglycemic properties. 

.  
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