
F or decades metformin has been the drug of 
choice as 1st line therapy for the treatment of 
type 2 diabetes.  Numerous studies have shown 

cardiovascular benefits with metformin use both in the 
initial treatment of newly diagnosed type 2 diabetes 
and even prolonged benefits after treatment has been 
discontinued.   
 
However, a new treatment option for 1st line therapy 
may show similar benefits to treatment with      
metformin.  A recent study published in The Lancet 
Diabetes & Endocrinology by Yang and colleagues  
examined the use of an alternative 1st line treatment 
option to metformin. The MARCH (Metformin and 
AcaRbose in Chinese as the initial Hypoglycemic   
Treatment) trial was the first randomized controlled 
noninferiorty trial to examine the use of acarbose, an 
older α—glucosidase inhibitor, versus metformin for 
type 2 diabetes in the Chinese population.   
 
Over 750 Chinese patients aged 30—70 years old who 
were newly diagnosed with type 2 diabetes and had  
mean A1C levels between 7.49—7.59% were included 
in the trial.  Patients were included in the study if less 
than one month of oral anti-diabetic agents were 
used.  Patients with renal, cardiovascular, or severe 
gastrointestinal disease were excluded.   Patients were 
randomized to receive either metformin extended 
release (up to 1500 mg daily) or acarbose (up to 300 
mg daily).  The study was conducted for 48 weeks with 
primary outcomes of A1C reduction at 24 and 48 
weeks.  Secondary endpoints included A1C levels of 
≤6.5%, change in bodyweight and change in lipid panel 
values.  Results of the study showed that acarbose was 
noninferior to metformin for the primary endpoint of 
A1C reduction at both 24 and 48 weeks (least-squares 
mean difference 0.03% [95% CI –0.08 to 0.14; p=6320] 
and 0.01% [95% CI –0.12 to 0.14; p=0.8999])           
respectively (Figure 1). 
 
Secondary outcomes also showed positive results for  
acarbose use in weight loss and lipid profile changes 
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compared to metformin.  Acarbose showed greater 
reduction in weight loss at both 24 and 48 weeks      
compared to metformin (least-squares mean          
difference –0.67 kg [95% CI –1.14 to –0.20; p=0.0054] 
and –0.63 kg [95% CI –1.15 to –0.10; p=0.0194]               
respectively.  Decreases in total cholesterol and       
increases in HDL were seen in acarbose at 24 weeks 
but did not differ at 48 weeks, however, none of these 
results were significant.  Significant decreases in LDL 
levels at 24 and 48 weeks were seen in the metformin 
group (least-squares mean difference 0.11 mmol/L 
[95% CI 0.00 to 0.21; p=0.0421 and 0.11 mmol/L [95% 
CI –0.00 to 0.23; p=0.0535])respectively, whereas, 
significant decreases in triglycerides were seen in the 
acarbose group (least-squares mean difference –0.69 
mmol/L [95% CI –0.98 to –0.40; p=<0.001] and –0.64 
mmol/L [95% CI –0.95 to  –0.33; p=<0.001]               
respectively. 
 
Adverse events between both treatment groups were 
similar throughout the duration of the trial.               
Gastrointestinal disorders were the most frequent    
treatment-related adverse events for both the        
acarbose (17%, 64/371) and metformin (15%, 56/366) 
groups. Hypoglycemia events occurred at equal      
frequencies of 1% between both groups. 
 
Despite the positive findings of this study, metformin 
still remains the primary treatment option for type 2 
diabetes in the United States.  Acarbose may serve as 
an alternative option for patients with exaggerated       
postprandial blood glucose in addition to metformin.  
This study included only patients of Chinese origin and 
limits the external validity of results.  Differences in 
lifestyle and diet between cultures should be           
examined to determine if other factors may play a role 
in the  results.  Further studies should examine       
patients at risk for or with cardiovascular disease to     
determine if acarbose has a potential for cardiac    
benefit.  
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Figure 1: Primary outcome according to treatment group 
Δ acarbose—Δ metformin represents the difference in the primary outcome of HbA1c reduction between acarbose group and metformin group at 24 weeks and 48 weeks. 

Objectives:    

 Determine the role of acarbose for the treatment of type 2 diabetes. 

 Identify appropriate use of metformin for use in renal insufficiency.  

 Review the evidence behind metformin use and lactic acidosis. 

 Review the effectiveness various bariatric surgery options for the treatment of 
type 2 diabetes. 
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M etformin, the most commonly prescribed             
anti-diabetic agent, has long been the tried and 
true medication for the treatment of type 2        

diabetes.  Although metformin has shown to provide           
cardiovascular benefit both during and after treatment, a long 
ongoing conundrum has been present regarding appropriate 
use of metformin in renal  disease.   

Use of metformin has many proven benefits for the treatment 
of type 2 diabetes.  Studies have shown reductions in both  
cardiovascular morbidity and mortality in newly diagnosed 
patients. The UK Prospective Diabetes Study (UKPDS) showed 
a 39% risk reduction (p=0.010) in acute myocardial infarction 
and a 36%   
reduction in 
total mortality 
p=0.011).     
Following the 
UKPDS, a post 
monitoring trial 
continued to 
show      benefit 
for both acute 
myocardial  
infarction  (33% 
relative risk; 
p=0.005) and 
mortality (27% 
relative risk; p=0.002) with metformin after patients were no 
longer assigned to treatment groups.  In  addition to             
cardiovascular benefits, metformin also provides a low risk of 
weight gain and hypoglycemia. 

Currently, the U.S. Food and Drug Administration (FDA) has 
contraindications for metformin prescribing listed in the   
package insert when serum creatinine levels are ≥1.4 mg/dL 
for women and ≥1.5 mg/dL for men.  Many debates have    
arisen questioning if these cutoffs are accurate or may lead to    
unnecessary treatment discontinuation.  Current thoughts to 
provide a more accurate estimation of renal function include 
the use of estimated glomerular filtration rate (eGFR) in      
addition to or in lieu of serum creatinine levels. 

Despite the numerous benefits of metformin, the                 
contraindications surrounding its use may limit the patient 
population who would benefit the most.  Strict serum         
creatinine guidelines were initially placed over concerns of the 
rare adverse effect of lactic acidosis and on the basis of       
excreting 3 grams of metformin within 24—48 hours. 

Originally discovered from the related drug, phenformin,   
causes of severe and fatal lactic acidosis lead to its removal 
from the market.  Phenformin was shown to have 10—20 

times higher rates of lactic acidosis compared to metformin.  In 
contrast to metformin, elevated phenformin concentrations 
lead to reduced peripheral glucose oxidation and enhanced  
peripheral lactate production, which ultimately may lead to 
heighten lactate levels.   

Despite the proposal that elevated metformin concentrations 
may lead to lactic acidosis, little evidence and data are       
available to support this.  Multiple studies suggest elevated 
lactate levels may not be due to metformin drug levels.  Some 
suggest that elevated lactate levels occur more frequently in 
patients with type 2 diabetes than the general population and 
observed lactate levels are often very similar between those 

taking metfor-
min vs.  other 
agents.  In ad-
dition, metfor-
min levels are 
not directly 
linked to the 
development 
of lactic      
acidosis or the         
severity.   

Initial data on 
metformin 
from European 
countries, prior 

to US approval, showed rates of lactic acidosis of 3 cases per 
100,000 patient years, with numbers decreasing despite      
increased prescribing and use.  A Cochrane meta-analysis of 
over 347 comparative trials and cohort studies showed no  
cases of lactic acidosis in >70,000 patient years for the    
metformin group compared with >55,000 patient years for the 
non-metformin group.  Statistical inference shows the true 
incidence was 4.3 and 5.4 cases per 100,000 patient-years in 
the metformin and non-metformin groups respectively,    
therefore, showing little difference between incidence of lactic 
acidosis between the groups.   

Based on clinical trials and reviews, many argue that the      
occurrence of lactic acidosis and metformin use may be     
merely coincidental rather than due to elevated metformin 
levels.  Based on these conclusions the argument for looser 
restrictions for metformin dosing in renal dysfunction due to 
possible lactic acidosis can be made. 

Although the data provides evidence to show the need for 
looser restrictions in regards to renal dosing for lactic acidosis, 
metformin does warrant the need for renal dosing based on 
pharmacokinetic principles.  Metformin is eliminated primarily 
by the kidneys through filtration and active tubular secretion 

Table 1: Current clinical practice guidelines 

Organization Action 

FDA Package Insert Prescribing Information 
Contraindicated: Serum creatinine levels ≥1.4 mg/dL 
for women and ≥1.5 mg/dL for men 

American Diabetes Association and                         
European Association for the Study of Diabetes 

Contraindicated: eGFR <30 mL/min per 1.73 m2 

United Kingdom Consider both creatinine and eGFR 

National Institute for Health and Clinical Excellence 

Review clinical circumstances: Serum creatinine >1.5 
mg/dL or eGFR <45 mL/min per 1.73 m2 

Contraindicated: Serum creatinine >1.7 mg/dL or 
eGFR <30 mL/min per 1.73 m2 

Canadian Diabetes Association  
Caution: eGFR <60 mL/min per 1.73 m2 

Contraindicated: eGFR <30 mL/min per 1.73 m2 

Australian Diabetes Society  
Caution: eGFR 30 - 45 mL/min per 1.73 m2 

Contraindicated: eGFR <30 mL/min per 1.73 m2 
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with roughly 50—60% bioavailability and absorption occurring 
primarily in the small intestine.  Maximum plasma                 
concentrations are seen within 2 hours of oral dosing with a 
eliminated half-life of 6.2 hours. 

The ability of serum creatinine to accurately reflect drug   
clearance is unknown.  Generally, serum creatinine values are 
inversely related to eGRF levels.  Many limitations exist with 
the use of serum creatinine, including its use only in those 
with stable renal function and no significant changes in muscle 
mass or physical activity.  To counteract these pitfalls,         
calculated estimates have been developed to help aid in the 
differences for demographics and clinical factors.  Equations 
such as the Cockroft-Gault, Modification of Diet in Renal      
Disease (MDRD) and Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) provide more realistic estimates of 
true renal function. 

Current clinical guidelines differ between various groups 
throughout the United States and international bodies.  The 
FDA has contraindications for use when serum creatinine   
levels are ≥1.4 mL/min for women and ≥1.5 mL/min for men.        
However, other U.S. bodies, such as the American Diabetes   
Association and European Association for the Study of         
Diabetes report use is appropriate until a eGRF is <30 mL/min 
per 1.73 m2.  Guidelines outside of the U.S. consider both 
eGFR and serum creatinine values in the determination of            
metformin use.  The National Institute for Health and Clinical 
Excellence prefers to review clinical circumstances when    
serum creatinine levels exceed 1.5 mg/dL or eGFR is <45 mL/
min per 1.73 m2.  Recommendations for drug discontinuation 
is recommended when serum creatinine exceeds 1.7 mg/dL or 
eGFR of <30 mL/min per 1.73 m2.  The Canadian Diabetes   

Association bases practice guidelines solely on eGFR and     
recommends cautionary use if <60 mL/min per 1.73 m2 and 
contraindicated use if <30 mL/min per 1.73 m2.  Finally, the 
Australian Diabetes Society recommends caution when eGFR 
is between   30—45 mL/min per 1.73 m2  and against   
metformin use when eGFR falls below 30 mL/min per 1.73 m2. 

A consensus on appropriate eGFR cutoffs in correlation to 
currently implemented serum creatinine levels of >1.4 and 
>1.5 remains to be officially determine.  Several studies have 
attempted to estimate an accurate correlation between the  
two methods of estimated renal function.  Most recent    
studies have shown serum creatinine levels of 1.7 mg/dL 
equate to approximately an eGFR of 36 mL/min per 1.73 m2. 
Use of less stringent guideline cutoffs for renal function may 
allow a more practical approach to treatment for patients 
with impaired renal function.  However, no randomized    
controlled trials have been preformed  that specifically     
evaluate the safety of metformin for the use in patients with 
renal insufficiency.   

Current recommendations from the American Diabetes     
Association supports the use of eGFR for dosing of      
metformin in renally impaired patients.  This is based on the 
lack of data supporting high incidences of lactic acidosis, the 
risk of prematurely and unnecessarily discontinuing         
treatment if current contraindications are followed, and the 
reliable estimate of renal function provided by eGFR.  General       
recommendations include no renal dose adjustment for eGFR 
≥60 mL/min per 1.73 m2, dose adjustments beginning at ≤45 
mL/min per 1.73 m2 and contraindicated use when              
<30 mL/min per 1.73 m2. 
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Table 2: Proposed recommendations for use of metformin based on eGFR   

eGFR level (mL/min per 1.73 m2) Action 

≥60 
No renal contraindication to metformin 

Monitor renal function annually 

<60 and ≥45 
Continue use 

Increase monitoring of renal function (every 3 - 6 months) 

<45 and ≥30 

Prescribe metformin with caution 

Use lower dose (e.g. 50%, or half-maximal dose) 

Closely monitor renal function (every 3 months) 

Do not start new patients on metformin 

<30 Stop metformin 

Additional caution is required in patients at risk for acute kidney injury or with anticipated significant fluctuations in renal status, based 
on previous history, other comorbidities, or potentially interacting medications. (Adapted from Diabetes Care) 
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A s type 2 diabetes continues to be a growing epidemic, 

many new and innovative treatments are being evaluated.   

Over recent years, newer studies have focused on          

decreasing risks 

factors that are 

more highly    

associated with 

type 2 diabetes, 

including  cardio-

vascular morbidi-

ty and mortality.    

Varying results  

have been noted 

through lifestyle                

changes and vari-

ous forms of bari-

atric surgery.  The  

table illustrates 

results of various 

randomized con-

trol and cohort 

trial summaries 

(Table 3).   

Overall, treatment with various      

methods of bariatric surgery have 

shown to provide a sustained decrease 

body weight, reduction in the incidence 

of type 2 diabetes and improvements in 

both lipid profiles and hypertension    

control. However, consideration should 

be taken when interpreting the results of these studies due to  

varying follow-up duration, differing inclusion/exclusion criteria, 

altered baseline characteristics and demographics, the prevalence 

of  other chronic 

diseases and   

complications 

associated with 

each procedure 

method.   

The American 

Diabetes Associ-

ation states  

bariatric surgery 

may be consid-

ered for adults 

with type 2  

diabetes who 

have a BMI ≥35 

kg/m2  and are 

difficult to    

control through 

lifestyle and    

pharmacological therapy, but note 

that the long term risks and benefits 

should be studied in well designed 

future trials.   
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Table 3: Trial summaries of lifestyle modifications and various forms of bariatric surgery 

Trial Intervention Results 

Look AHEAD 

Tx: Intensive behavioral and             
dietary therapy  

9.6 year follow-up favoring Tx group: 

C: Diabetes support and education Modest reduction in body weight (6.0% vs 3.5%) 

  No reduction in cardiovascular events or mortality 

Diabetes 
Surgery 
Study 

Tx: RYGB if BMI 30 - 39.9 1 year follow-up favoring Tx group: 

C: Look AHEAD + intense             
management 

Significant reduction in body weight (26.1% vs 7.9%) 

  Met ADA guidelines for diabetes treatment (49% vs 19%) 

NIH LABS 
Consortium 

Tx: RYGB or LAGB 3 year follow-up favoring RYGB: 

  Reduction in initial body weight (31.5% vs 15.9%) 

  Incidence of type 2 diabetes after surgery (0.9% vs 3.2%) 

  
Resolution of dyslipidemia (61.9% vs 27.1%) and               
hypertension (38.2% vs 17.4%) 

Swedish 
Obesity 
Study 

Tx: Bariatric surgery (bypass,      
banding, banded gastroplasty) 

15 year follow-up favoring Tx group: 

C: Non-surgery 
Reduction in initial body weight (32% bypass/25% banded 
gastroplasty/20% banding vs 2%) 

  
Significantly lower type 2 diabetes incidence (6.8 vs 28.4 
cases per 1000 person-years) 

Tx: treatment C: control RYGB: Roux-en-Y gastric bypass ADA: American Diabetes Association Tx goals: A1C<7%/LDL<100 mg/dL/SBP<130 mmHg 
Labs: Longitudinal Assessment of Bariatric Surgery LAGB: laparoscopic adjustable gastric banding 
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1. After review of alternative options for the treatment of type 2 

diabetes, 1st line therapy is considered to include: 

a. metformin 

b. metformin + lifestyle modification 

c. acarbose 

d. acarbose + lifestyle modification 

e. insulin 

 

2. Results of acarbose vs. metformin included all of the following 
except:  

a. Increased GI events in the acarbose group 

b. Similar frequencies of hypoglycemia 

c. Reductions in A1C at both 24 and 48 weeks 

d. Greater weight loss in patient treated with acarbose  

 
3. The UKPDS trial showed that treatment with metformin 

       resulted in: 

a. Significant reduction in myocardial infarctions 

b. Low risk of weight gain and hypoglycemia 

c. No reduction in myocardial infarction and mortality after 
study discontinuation 

d. a & b 

e. a & c  

 

4. Current serum creatinine restrictions according to the          U.S. 
FDA for metformin prescribing include:  

a. ≥ 1.7 mg/dL in men 

b. ≥ 1.4 mg/dL in men 

c. ≥ 1.4 mg/dL in women 

d. ≥ 1.5 mg/dL in women 

 

5. Serum creatinine restrictions for metformin prescribing are used 
based on phenformin data showing an increased risk of: 

a. Risk of developing chronic kidney disease 

b. Weight gain 

c. Hypoglycemia 

d. Lactic acidosis  

 

 

 

 
 

 

 
 

 

6. Which of the following are true in regards to lactic acidosis: 

a. Rates are 10 – 20 times higher with metformin use 

b. Similar rates are seen with metformin and                 non-
metformin users 

c. Increasing concentrations of metformin leads to more 
severe outcomes 

d. Patients with type 2 diabetes and the general population 
are at similar risk  

 

5. Recommendations from the ADA recommend dose adjust-
ments for metformin when the eGFR (mL/min per 1.73m2)is:  

a. ≥60  

b. <60 and ≥45  

c. <45 and ≥30  

d. <30 

 

7. A serum creatinine of 1.7 mg/dL is roughly equivalent to an 
eGFR (mL/min per 1.73m2) of: 

a. 25 

b. 30 

c. 35 

d. 40 

e. 45 

 

9. The Look AHEAD trial for diabetes showed all of the following 
except: 

a. Reduction in 6% of body weight with treatment group 

b. Protective benefit for cardiovascular disease 

c. No reduction in overall mortality  

d. More benefit in those treated with intensive therapy 

 

10. After reviewing the data on bariatric surgery it is safe to say: 

a. RYGB provides less sustained weight loss compared to 
other methods 

b. Diabetes incidence decreased with bariatric surgery 

c. Resolved dyslipidemia and hypertension did not differ 

d. Cardiovascular and mortality benefits can be seen 
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