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Abstract

Introduction: Metformin is a first-line diabetic therapy that improves survival in a wide number 

of ischemic pathologies. We tested the association of metformin with markers of cardiac and renal 

injury in diabetic post-arrest patients.

Methods: We performed a retrospective analysis of clinical outcomes in diabetic cardiac arrest 

patients with and without metformin therapy at a single academic medical center. We used 

generalized linear models to test the independent association of metformin, insulin, and other 

hypoglycemic agents with peak 24-hour serum creatinine and peak 24-hour serum troponin.

Results: Metformin prescription at the time of SCA was independently associated with lower 

24-hour peak serum troponin and lower 24-hour peak serum creatinine when compared to non-

metformin patients.

Conclusion: Metformin pretreatment may offer cardiac and renal protection for diabetic patients 

during sudden cardiac arrest.
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Introduction

Sudden cardiac arrest (SCA) affects over 600,000 patients annually in the United States 

(1). Patients with return of spontaneous circulation after SCA experience systemic ischemia-

reperfusion injury, which may result in end-organ dysfunction including cardiogenic shock, 

acute renal failure, liver damage, and hypoxic-ischemic brain injury (2–4). Decreased 

cardiac (5) and kidney function (6,7) are predictors of early post-arrest mortality.

Metformin is an oral antihyperglycemic agent used as the first-line agent for type 2 diabetes 

(9). Metformin may protect against ischemic injury and significant cardiovascular stress, as 

demonstrated by improved mortality in the setting of coronary artery disease (9), congestive 

heart failure (10), acute kidney injury (11), chronic kidney disease (10), septic shock 

(12,13), and major surgical procedures (14). Pretreatment with metformin demonstrated 

neurologic protection and improvement in survival in a rat model of SCA (15). Similar 

studies from our group have found cardiac and renal protection in a murine model of SCA 

(16).

We explored the association of metformin with post-arrest cardiac and kidney injury in a 

cohort of diabetic patients resuscitated from SCA.

Methods

Study Design

We performed a retrospective cohort study at a single academic medical center. The 

University of Pittsburgh Post-Cardiac Arrest Service (PCAS) maintains a registry of in- 

and out-of-hospital cardiac arrest patients who survive to hospital care. The University of 

Pittsburgh Human Research Protection Office approved all aspects of this work.

Data Collection

We identified adult patients treated from January 2010 to December 2019 after resuscitation 

from cardiac arrest. To minimize confounding by indication, we included only patients 

with a history of type 2 diabetes mellitus. We excluded patients with a history of kidney 

disease prior to arrest, patients who arrived at our facility over 24 hours after collapse, 

patients for whom home medications were unknown, patients who rearrested and died 

before initial blood work could be acquired, and patients resuscitated with extracorporeal 

support. From our registry, we extracted demographic and arrest characteristics, including 

patient age, sex, shockable presenting arrest rhythm, witnessed arrest, layperson CPR, arrest 

duration, number of epinephrine doses administered, cardiac etiology of arrest and Charlson 

Comorbidity Index. On hospital admission, a pharmacist or nurse compiles a list of each 

patient’s outpatient medication regimen through a review of the electronic health record, 

discussion with family and outpatient providers, and verifies this medication history with 

the patient’s outpatient pharmacy to identify dates at which prescriptions were last filled. 

From each patient’s admission medication reconciliation, we determined whether patients 

were prescribed metformin, insulin, or other oral antihyperglycemic medications prior to 

their arrest, and classified each of these as three independent binary predictors.
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Primary outcomes of interest were peak serum creatinine and peak serum troponin I at 24 

hours post-arrest. Serum troponin and creatinine were measured as part of routine clinical 

care, typically at least once daily, which we used to quantify heart and kidney injury, 

respectively. As post hoc analyses, we evaluated alternative measures of renal (dys)function: 

urine output in the first 24 hours post-arrest; peak blood urea nitrogen (BUN) 24 hours 

post-arrest; and among patients surviving at least 72 hours, peak creatinine 72 to 20 hours 

post-arrest.

Statistical Analysis

We used descriptive statistics to summarize baseline population characteristics and 

outcomes. We used multiple imputation with chained equations to impute missing 

continuous variables, then used generalized linear models with a gamma distribution and log 

link to test the independent association of metformin with each outcome. For our primary 

adjusted analysis, we included covariates based on biological plausibility. As sensitivity 

analyses, we used several alternative approaches to model, including backward stepwise 

model, sequentially removing predictors with p<0.1, and complete case analysis. To reduce 

selection bias, we also repeated modeling excluding patients receiving insulin, who may be 

fundamentally sicker than those receiving no medications or oral antihyperglycemics only.

Results

Overall, 692 adult post-arrest patients with a history of type 2 diabetes were treated at 

our facility during the study period (Figure 1). We excluded 268 patients with chronic 

kidney disease, 20 who were transferred more than 24 hours post-arrest, 56 for whom 

home medications were unknown, seven who rearrested prior to labs being drawn, and 

one who was resuscitated with extracorporeal membrane oxygenation, leaving 341 patients 

in our final analysis (Figure 1). The mean age was 65 ± 13 years and 148 (43%) were 

female (Table 1). Overall, 140 (41%) patients were prescribed metformin prior to arrest, 

153 (45%) were prescribed insulin, and 92 (27%) were prescribed other oral hyperglycemic 

medications. Median peak troponin in the first 24 hours post-arrest was 1.4 (interquartile 

range, IQR: 1.0–1.7) and median peak creatinine was 1.4 (IQR: 1.0–2.0).

Overall, 2% of data were missing and we created 10 imputed data sets. Metformin 

prescription at the time of SCA was associated with lower 24-hour peak serum troponin and 

lower 24-hour peak serum creatinine (Table 2). In post hoc analyses, metformin prescription 

was associated with lower 24-hour peak BUN, but not urine output or delayed peak 

creatinine as well as lower blood urea nitrogen (Supplemental Table 2). Insulin prescription 

was associated with elevated creatinine but not associated with troponin level. Other oral 

hypoglycemic agents were not associated with creatinine but were associated with lower 

troponin levels (Table 2). We observed the same independent associations in our primary 

adjusted models and most sensitivity analyses (Table 3).

Discussion

SCA is common and current treatments are inadequate. Metformin, a first-line diabetes 

treatment (8), reduces all-cause mortality in diabetic patients with coronary artery disease 
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(9) and CKD (10). We found a significant association between metformin pretreatment and 

decreased peak serum troponin and serum creatinine levels within 24 hours post-arrest. This 

suggests that metformin pre-treatment may protect cardiac and renal function independently 

of other baseline characteristics. These findings are consistent with preclinical studies in 

SCA, which have shown that metformin improves survival and markers of neurologic, 

cardiac, and renal function in non-diabetic SCA animals (15,16).

Only diabetic patients were included in this study, so it is not clear whether metformin’s 

benefits are related to its anti-diabetic effects or whether metformin protects against 

ischemia-reperfusion injury more broadly. Clinical studies suggest that metformin’s 

protective effects extend beyond its role in controlling blood glucose levels (17,18). 

Preclinical studies of metformin in ischemia-reperfusion injury in non-diabetic animals 

have demonstrated cardiac (19) and renal protection (20), and a large body of data has 

explored molecular pathways linked to metformin therapy that may drive protection against 

ischemia-reperfusion injury independent of diabetic status. These mechanisms include 

protection against oxidative stress, inhibition of apoptosis, and preservation of mitochondrial 

bioenergetics in both the heart and kidney (18–24). Metformin’s activity is exerted, at 

least in part, by activation of AMP-activated protein kinase (AMPK), which is a major 

regulator of fatty acid utilization and glucose metabolism (25,26). AMPK activation, either 

by metformin therapy or direct activation, is known to be protective against ischemia-

reperfusion injury in a variety of tissues (27–29), and may suggest a protective benefit in the 

absence of diabetes.

It is likely that metformin therapy was discontinued after cardiac arrest in this study 

population, as metformin is routinely held during inpatient admission given concerns 

about metformin precipitating lactic acidosis in the presence of kidney injury (30). The 

effects of metformin as a continued therapy after SCA remain to be studied. Further, the 

effects of acute administration of metformin, either during or after resuscitation, remain 

unknown. Preclinical studies in cardiac ischemia have supported metformin’s protective 

effects when given at the time of reperfusion, which is largely attributed to prevention of 

mitochondrial permeability transition pore opening and cell death (19,21,31) or decreased 

inflammation(32). Similar protection, however, was not observed in a pig model of 

myocardial infarction when metformin was delivered directly through the coronaries at the 

time of reperfusion (33). Metformin’s effects when delivered after reperfusion has occurred 

are largely unexplored. However, given the dearth of treatment options for CA, such studies 

are further supported by this hypothesis-generating study.

Limitations

This is a single center observational study, and thus generalizability is limited. As an 

observational study, there are many unmeasured confounders that may affect cardiac and 

renal function, such as pressor support, post-arrest surgical or procedural interventions, or 

medication changes. Our primary outcomes were acute biomarkers of cardiac and renal 

damage, though future studies on long term cardiac and renal changes may be more 

informative. We found no association with metformin at peak creatinine measured between 

72 and 120 hours after arrest (Supplemental Table 2). We were unable to find reliable 
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echocardiography data at comparable time-points for this cohort. Our analysis was not 

powered to look for survival benefits in human subjects, but such a study is warranted. 

Although missing variables and imputation could create error, our results were robust across 

multiple sensitivity analyses.

Conclusion

We provide evidence in a retrospective clinical study that metformin pretreatment is 

associated with cardiac and renal protection after SCA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Summary of clinical inclusion and exclusion data for retrospective analysis of the 
Pittsburgh Post-Cardiac Arrest Service patient database.
Primary outcomes evaluated included peak serum troponin and peak serum creatinine in 

diabetic patients with (n=122) and without (n=174) a history of metformin therapy.
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Table 1.

Baseline demographics and clinical characteristics.

Characteristic Overall cohort (n = 341) Metformin (n = 140) No metformin (n = 201)

Age, years 65 ± 13 65 ± 12 64 ± 14

Female sex 148 (43) 58 (41) 90 (45)

Arrest out-of-hospital 256 (75) 108 (77) 148 (74)

Shockable rhythm 109 (32) 39 (28) 70 (35)

Witnessed collapse 160 (47) 70 (50) 90 (45)

Layperson CPR 156 (46) 72 (51) 84 (42)

Epinephrine doses 2 [1 – 4] 3 [1 – 4] 2 [1 – 4]

Arrest duration, min 16 [8 – 27] 16 [8 – 32] 16 [8 – 23]

Cardiac etiology 96 (28) 36 (26) 60 (30)

Charlson Comorbidity index 2 [2 – 3] 2 [1 – 3] 3 [2 – 3]

Insulin 152 (45) 34 (24) 118 (59)

Other oral diabetic medication 92 (27) 47 (34) 45 (22)

Peak 24h troponin 0.88 [0.19 – 5.7] 0.97 [0.29 – 4.71] 0.84 [0.14 – 7.0]

Peak 24h creatinine 1.4 [1.0 – 2.0] 1.3 [1.0 – 1.7] 1.6 [1.0 – 2.1]

Data are presented as mean ± standard deviation, median [interquartile range], or sample number (corresponding percentage).
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Table 2.

Univariable associations between insulin, metformin and other oral hypoglycemic use and peak serum 

creatinine and troponin.

Predictor Endpoint Coefficient (95% CI) P value

Insulin

Creatinine

0.131 (0.018 to 0.243) 0.023

Metformin −0.142 (−0.257 to −0.026) 0.016

Other oral hypoglycemic 0.032 (−0.100 to 0.163) 0.637

Insulin

Troponin

0.094 (−0.390 to 0.578) 0.703

Metformin −0.740 (−1.233 to −0.025) 0.003

Other oral hypoglycemic −0.789 (−1.360 to −0.218) 0.007
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Table 3:

Adjusted model results.

Model Coefficient (95% CI) P-value

Creatinine outcome

Main adjusted model* −0.19 (−0.30 to −0.08) 0.001

Backward stepwise
+ −0.16 (−0.28 to −0.06) 0.002

Complete case* −0.18 (−0.31 to −0.06) 0.004

Excluding patients on insulin* −0.20 (−0.37 to −0.04) 0.016

Troponin outcome

Main adjusted model* −0.68 (−1.30 to −0.07) 0.028

Backward stepwise
+ −0.96 (−1.52 to −0.41) 0.001

Complete case* −0.58 (−1.18 to 0.01) 0.054

Excluding patients on insulin* −0.54 (−1.34 to 0.25) 0.179

*
Model adjusting for age, sex, arrest location (in- vs out-of-hospital), witnessed collapse, layperson cardiopulmonary resuscitation, presenting 

rhythm, arrest duration, number of epinephrine administered, cardiac etiology of arrest, Charlson Comorbidity index, metformin, insulin, and other 
oral hypoglycemic medications.

+
Model adjusting for sex, arrest location, witnessed collapse, number of epinephrine administered, metformin, insulin and other oral 

hypoglycemics.
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