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Abstract
Objective—To determine if metformin use affects the prevalence and prognostic value of
hyperlactatemia to predict mortality in septic adult Emergency Department (ED) patients.

Methods—Single-center retrospective cohort study. ED providers identified study subjects; data
was collected from the medical record.

Patients—Adult ED patients with suspected infection and 2 or more Systemic Inflammatory
Response Syndrome Criteria. The outcome was 28-day mortality. The primary risk variable was
serum lactate (< 2.0; 2.0–3.9; ≥4.0 mmol/L) categorized by metformin use; covariates-
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demographics, Predisposition, Infection, Response, Organ Dysfunction score, and metformin use
contraindications.

Setting—Urban teaching hospital; 2/1/2007 to 10/31/2008.

Results—1947 ED patients were enrolled; 192 (10%) were taking metformin; 305 (16%) died
within 28-days. Metformin users had higher median lactate levels than non-users [2.2 mmol/L
(IQR 1.6–3.2) vs. 1.9 mmol/L (IQR 1.3–2.8)] and a higher, though non-significant, prevalence of
hyperlactatemia (lactate ≥ 4.0 mmol/L) (17% vs. 13%) (p=0.17). In multivariate analysis
(reference group non-metformin users, lactate < 2.0 mmol/L), hyperlactatemia was associated with
an increased adjusted 28-day mortality risk among non-metformin users (OR = 3.18, p < 0.01), but
not among metformin users (OR = 0.54, p=0.33). Additionally, non-metformin users had a higher
adjusted mortality risk than metformin users (OR = 2.49, p < 0.01). These differences remained
significant when only diabetics were analyzed.

Conclusions—In this study of adult ED patients with suspected sepsis, metformin users had
slightly higher median lactate levels and prevalence of hyperlactatemia. However, hyperlactatemia
did not predict an increased mortality risk in patients taking metformin.

Keywords
Lactate; Metformin; Sepsis; Risk Stratification

Introduction
Each year in the United States, approximately 2.3 million adult patients present to
Emergency Departments (ED) for suspected severe sepsis, resulting in more than 200,000
deaths.1, 2 Accurate risk stratification of this population is essential to optimize treatment
and focus limited resources on high-risk patients. Elevated lactate levels are associated with
increased mortality risk in severe sepsis and are the most common serologic test used for
risk stratification.3–5 Additionally, hyperlactatemia (lactate ≥ 4.0 mmol/L) is an enrollment
criterion for Early Goal Directed Therapy (EGDT), a protocol believed to reduce short-term
mortality in sepsis.6–8 Though potentially beneficial in high-risk patients, EGDT is also
resource consumptive, and requires invasive procedures with their associated complications.
Hyperlactatemia may be caused by conditions other than sepsis.9 Even in sepsis, the degree
of lactate elevation may be affected by multiple factors, which could impact its prognostic
value.10 Because lactate levels routinely impact vital clinical decisions, it is essential to
identify factors such as metformin use that may cause hyperlactatemia independent of sepsis
severity.

Metformin is an oral anti-hyperglycemic agent in the biguanide class. Biguanides are known
to interfere with mitochondrial metabolism and inhibit hepatic uptake of serum lactate.11, 12

Unlike other biguanides, metformin use does not appear to increase the prevalence of
hyperlactatemia.13 However, during periods of physiologic stress such as sepsis, metformin
use is thought to increase the likelihood of developing hyperlactatemia. Due to this concern,
the Food and Drug Administration (FDA) recommends withholding metformin in patients
with probable sepsis.14 Given this knowledge, the prevalence of hyperlactatemia among
septic metformin users requires quantification.

Since metformin use could affect lactate levels, it could also interfere with the prognostic
value of lactate in sepsis. A metformin user who becomes septic could accumulate lactate as
a direct result of sepsis, from the impact diabetes and metformin use has on cellular
metabolism, or through a combination of these physiologic mechanisms.15 Hyperlactatemia
in sepsis has consistently been shown to be associated with increased mortality risk,3–5 but
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the association of hyperlactatemia with mortality due to metformin use is less clear.13 If
hyperlactatemia’s association with mortality risk in sepsis is affected by metformin use, then
risk stratification using lactate in these patients would be less useful. The objective of this
study was to determine if metformin use affects the prevalence and prognostic value of
hyperlactatemia to predict mortality in adult ED patients with suspected sepsis.

Methods
Study Design

We performed a single-center retrospective cohort study of adult patients hospitalized from
a single, urban ED for suspected sepsis. Findings from a portion of this cohort have been
reported previously.16 The Institutional Review Board of XXXXX Hospital approved the
study with a waiver of informed consent.

Study Setting and Population
A protocol was in place during the study to routinely test a serum lactate level, and other
markers of organ dysfunction, on adult patients having laboratory studies in the ED for a
suspected infection, as recommended by consensus guidelines.17 All patients with lactate
testing during the study were evaluated for inclusion. Patients were enrolled in the study if
they were adults (21 years of age or older), had a serum lactate level tested in the ED, had a
provider suspected infection as reported in the Electronic Medical Record (EMR), and two
or more Systemic Inflammatory Response Syndrome (SIRS) Criteria (using initial ED vital
signs and laboratory studies). The SIRS criteria include: body temperature < 96.8°F or >
100.4°F; heart rate > 90 beats per minute; respiratory rate > 20 breaths per minute; and a
white blood cell count less than 4,000 cells/mm3 or greater than 12,000 cells/mm3, or
greater than 10% immature neutrophils (band forms).

The study was entirely performed at XXXXX Hospital, a 450-bed urban teaching hospital
with an annual ED census of 95,000 patients. For patients with repeat ED visits during the
study period, only the initial visit was used. Patients were enrolled from 2/1/2007 to
10/31/2008.

Study Protocol
All data was collected from the EMR. Trained research associates abstracted the medical
records of all patients with lactate levels tested in the ED during the study period. Published
recommendations for quality chart-abstraction were followed.18 Specifically, data
abstractors were trained in advance, used standardized data abstraction sheets, were
routinely audited, and were blinded to the study hypothesis. Ten percent of subjects had all
variables collected by a second blinded abstractor to confirm reliability of the results (kappa
0.80 or greater for all variables).

Serum lactate (mmol/L) levels were measured using a serum-based immunoassay (Unicel
Synchron, Beckman Coulter Inc., Brea, CA). Arterial or venous lactate testing was allowed
to improve protocol compliance, similar to other ED lactate screening studies.3–5 Previous
studies have demonstrated that venous lactate levels correlate with arterial lactate levels, as
well as with short-term mortality risk, in adult ED patients with suspected sepsis.3, 19 Only
initial serum lactate levels, tested prior to hospital admission, were used. Determination of
whether patients were taking metformin on ED arrival was made by review of patient
reported medication use for the initial ED visit. Patients reporting use of any medication
containing metformin were considered metformin users for study purposes. The primary
outcome was 28-day mortality. For patients who were discharged alive prior to 28-days
from the initial ED encounter, the Social Security Death Index (SSDI) was queried (more
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than one year following the initial ED evaluation) to confirm whether the patient survived to
28 days.20

Data Analysis
Summary and descriptive statistics were generated for the study cohort. The prevalence of
hyperlactatemia among metformin and non-metformin users was investigated using χ2. To
quantify associations between metformin use, lactate levels and mortality, a logistic
regression model was developed, with the outcome of 28-day mortality. The primary
measure of interest was a metformin/lactate level interaction variable that represented the six
possible combinations of three serum lactate categories (<2.0; 2.0–3.9; ≥4.0 mmol/L),
categorized by metformin use. The lactate cutoffs correspond to levels previously reported
to be associated with different mortality risks in septic adult patients.3, 21 For study
purposes, only a lactate level ≥ 4.0 mmol/L was considered to be hyperlactatemia as it
represents a cutoff associated with significant mortality risk that is commonly used to
determine need for aggressive interventions.17

Patient demographics were evaluated for possible inclusion in the model. Additionally, to
adjust for illness severity, the Predisposition, Infection, Response, Organ Dysfunction
(PIRO) score was included.22 This scoring system was chosen as it has been internally and
externally validated in similar populations of adult ED patients with suspected sepsis and
includes variables that could be abstracted from the EMR.22 The PIRO score was developed
for the outcome of mortality in sepsis from a logistic regression model using adjusted odds
ratios of categorized serum lactate levels as well as 16 other clinical variables routinely
available for septic ED patients. For this analysis, adjusted odds ratios of categorized lactate
levels for mortality were determined, adjusted by the 16 other PIRO clinical variables. This
analysis allowed for the determination of lactate’s association with mortality risk, as
modified by other available markers of illness severity.

Additionally, the FDA has defined relative contraindications to metformin use based on the
increased likelihood of lactic acidosis from certain conditions (liver and renal dysfunction,
serum acidosis and hypoxia).14 However, published reports have demonstrated that
physicians frequently prescribe metformin in spite of these contraindications23 with no
apparent impact on the incidence of lactic acidosis or patient outcomes.24, 25 Such patients
were therefore included in the study, but potential confounding caused by these
contraindications was adjusted for by inclusion in the logistic regression model. A medical
history of diabetes mellitus was expected to exhibit significant collinearity with metformin
use, which raises the possibility that any observed impact of metformin use in the model
could actually be due to the associated medical history of diabetes. To account for this
concern, the model was repeated only for the sub-group of patients with a known history of
diabetes mellitus.

We quantified the effects of covariates on mortality rates by including them individually in
separate logistic regression models that already included the metformin/lactate level
interaction variable. Covariates significant at the p = 0.05 level were simultaneously
included in a multivariate logistic regression model, and those remaining significant at the p
= 0.05 level were retained in the final model. The final model was confirmed using stepwise
Aikaike Information Criterion methods, which compares the fit of different regression
models.26

Metformin use has not previously been shown to effect mortality in sepsis, but metformin
has antioxidant and vasoactive properties that could be protective in sepsis.27–29 This study
was not designed to identify a protective effect of metformin use in sepsis. However, to
distinguish any association of metformin use with mortality from metformin’s impact on
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lactate’s prognostic utility, contrasts of the final model were performed. Contrasts allowed
for comparisons of the different metformin/lactate groups to each other, in addition to
reference group comparisons. In this way, the relative impact of metformin use on mortality
risk for the entire cohort, and among different lactate stratum, could be analyzed.
Calculations were performed in SAS v9.2 (Cary, NC) and R (http://www.r-project.org/).

Results
Lactate levels were tested on 2650 adult patients in the ED during the study period. Of these
patients, 1947 (73%) had two or more SIRS criteria and an ED provider suspected infection.
These patients made up the study population. Baseline characteristics are reported in table 1.
Seventeen hundred fifty-five subjects were not taking metformin, while 192 (10%) subjects
were taking metformin. Subjects taking metformin had a higher median lactate level than
non-metformin users [2.2 mmol/L (IQR 1.6–3.2) vs. 1.9 mmol/L (IQR 1.3–2.8)].
Additionally, the prevalence of hyperlactatemia was higher among metformin users than
non-users, though this finding did not achieve statistical significance (17% vs. 13%, p =
0.17). Twenty-eight day all cause mortality for the cohort was 16% (95% Confidence
Interval 14.0 to 17.3%) (table 1).

Among all subjects, elevated lactate levels were associated with higher 28-day mortality
(table 1). Additionally, metformin users had a significantly lower unadjusted 28-day
mortality risk than non-metformin users (8% vs. 17%; p < 0.01). Multivariate regression
models showed that compared to the reference group of non-metformin users with lactate
levels < 2.0 mmol/L, non-metformin users with lactate levels ≥ 4.0 mmol/L had a higher
adjusted mortality risk (OR = 3.18, p < 0.01). There was no significant difference in
mortality risk between the reference group and any of the metformin users, regardless of
categorized lactate levels (table 2a). The modified PIRO score, patient age, and creatinine
level > 1.4 mg/dL were also found to be significant predictors of mortality and were
included in the model. Gender, serum bilirubin, race, diabetes mellitus, anion gap, and
percent oxygen saturation were not significant predictors of mortality at the p = 0.05 level.
Results of the multivariate analysis were similar when restricted to only diabetics in the
study population (table 2b).

Contrasts were performed to determine the effect of metformin use on mortality risk.
Among all study subjects, after adjustment for lactate level, modified PIRO score, age and
serum creatinine level, individuals not taking metformin were 2.5 times more likely to die
within 28 days when compared to individuals taking metformin (OR = 2.49, 95%CI 1.38 –
4.73, p < 0.01). These results were similar when the analysis was restricted only to diabetic
patients in the study cohort (OR 2.62, 95%CI 1.32 – 5.17, p < 0.01). Among patients with
low to moderate lactate elevation (<4.0 mmol/L) there was no difference in adjusted
mortality risk when stratified by metformin use. In contrast, patients with lactate levels ≥4.0
mmol/L not taking metformin had more than a 5 times greater adjusted mortality risk than
metformin users (OR 5.95, 95%CI 1.68 – 21.10, p=0.01). This finding was similar when
only diabetics were included in the analysis (OR 6.16, 95%CI 1.52 – 25.02, p=0.01).

Discussion
In this study of adult ED patients with suspected sepsis, metformin use was associated with
slightly higher median lactate levels and prevalence of hyperlactatemia, though this
difference was not statistically significant. As demonstrated in previous studies,3, 4 28-day
mortality risk was higher in this cohort with increasing categorized lactate levels. However,
among metformin users, we did not observe the same association between elevated lactate
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levels and increased mortality. Indeed, we found no association whatsoever between
hyperlactatemia and mortality in patients taking metformin in the study population.

The lack of association between hyperlactatemia and mortality risk for metformin users
could be due to several factors. Metformin users could have been less ill at study entry than
non-users, but in this study metformin users had similar illness severity to non-metformin
users. Additionally, when adjusted for illness severity, hyperlactatemia was still not
associated with mortality risk among metformin users.

Metformin use could lead to lactate accumulation by a mechanism distinct from that of
sepsis. This accumulated lactate could affect the prevalence of hyperlactatemia among
metformin users, resulting in a different association of lactate with mortality risk in these
patients. Metformin users had a slightly higher prevalence of hyperlactatemia in this study
but hyperlactatemia had a much lower associated mortality risk in these patients.
Additionally, contrasts demonstrated that the impact of metformin use on mortality was
most pronounced at high lactate levels, implying that lactate accumulation may have
partially occurred by a different mechanism in these patients. Causality cannot be
determined from this study design, but further investigation of this finding is warranted.

Alternatively, metformin use could be protective in the setting of sepsis, which could impact
the association of lactate with mortality risk in these patients. In this study, non-metformin
users had higher 28-day mortality risk than metformin users, even when adjusted for lactate
levels and other important covariates. This study was not designed to identify a protective
effect of metformin use in sepsis, but metformin does have potentially beneficial physiologic
effects in sepsis, including vasoactive and anti-inflammatory properties.27, 28, 30

Additionally, metformin has been found to inhibit expression of lipopolysaccharide induced
nitric oxide synthase in an experimental model, which could decrease systemic
vasodilatation in sepsis.29 These physiologic characteristics of metformin use could have a
protective effect in septic patients, but further study is needed to determine this association.

Previous research has demonstrated that diabetics may have equivalent or better outcomes
from critical illness than non-diabetics, even when adjusted for illness severity.31, 32

Diabetics could also have a different prevalence and prognostic value of lactate levels in
sepsis. As expected, metformin use was strongly associated with a history of diabetes in this
study. To account for the possibility that the observed impact metformin use had on lactate
levels and mortality could actually have been related to an associated medical history of
diabetes, the analysis was repeated among only diabetics. Results of this analysis were
similar to that of the overall study population. This finding demonstrates that the apparent
effect of metformin use on the prognostic value of hyperlactatemia in sepsis is more likely
associated with metformin use than with a history of diabetes mellitus.

This study had multiple limitations. First, providers in the ED prospectively identified
patients, but all data was collected from the EMR. The risk of misclassification bias was
mitigated by following previously published guidelines for medical record abstraction18 and
by restricting the analysis to objective clinical findings (demographics, comorbidities,
laboratory results, vital signs). Metformin use was also collected from the EMR, and that
information could have been reported in error. However, during the study period, a protocol
was in place whereby the ED triage nurse recorded the patient’s current medication use, and
the treating ED provider confirmed the list, decreasing the likelihood of misclassification
error.

Additionally, hyperlactatemia is an enrollment criterion for EGDT. Performance of EGDT
was recommended during the study period for patients with persistent hypotension (systolic
blood pressure < 90 mmHg or lactate ≥4.0 mmol/L), but compliance with the protocol was
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limited. A quality assurance review of EGDT protocol compliance during a portion of the
study period found that less than 20% of EGDT candidates had the 6-hour therapeutic
bundle completed as recommended. Enrollment in this clinical intervention was not
measured for the entire cohort, but the relatively large size of the study, and low protocol
compliance, makes it less likely that EGDT use would be significantly imbalanced between
groups.

A further limitation is that patients were not followed prospectively after discharge from the
hospital. Use of the SSDI to determine survival outcomes of discharged patients has
previously been validated,20 but it is possible that some patients discharged prior to 28-days
from the initial ED encounter may have died and were not entered into the SSDI. Finally,
the study was entirely performed at one hospital. The external validity of these results is
unknown and further study, in other settings, may be warranted.

We found that ED patients hospitalized for suspected sepsis that were on metformin had a
slightly higher prevalence of hyperlactatemia than non-metformin users. Additionally, in
this cohort, categorized serum lactate levels did not demonstrate useful prognostic utility in
adult ED patients with suspected sepsis who were actively taking metformin. Alternative
prognostic markers for mortality risk should be considered in these patients.
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