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ABSTRACT 
Background: Type 2 diabetes mellitus and gastroesophageal reflux disease are highly prevalent in the United States. First-line therapies 
for these disease states include metformin and proton pump inhibitors, respectively. Both of these medications have been associated 
with a decreased absorption of vitamin B12.  
Objective: The objective of this study was to assess the prevalence of B12 monitoring and supplementation in patients receiving 
concomitant metformin and PPI therapy. 
Methods: A retrospective data analysis was performed at a single federally qualified health center. Patients receiving concomitant 
metformin and PPI therapy (specifically omeprazole and pantoprazole) over the past year were included. Data collected included 
demographics, dosing, therapy duration, and vitamin B12 level. Data were analyzed using descriptive statistics.  
Results: A total of 104 patients met the inclusion criteria for this study. Metformin 1000 mg immediate release tablets was the most 
common dose and formulation prescribed. Omeprazole and pantoprazole were the most commonly prescribed PPIs. The most frequent 
duration of therapy was 1 to 4 years. Fourteen patients had a documented B12 level and no patients were categorized as deficient. 
Seven patients were prescribed a B12 supplement during the study period. 
Conclusion: In this single center, retrospective chart review of patients receiving concomitant metformin and PPI therapy, the average 
duration of therapy for both agents was 1-4 years.  Only 13.5% of patients had a documented B12 level.  Of those patients, none were 
categorized as deficient.  Though routine monitoring of B12 levels may be important for patients on long-term therapy with both agents 
or who present with symptoms of B12 deficiency, this study does not support routine monitoring of B12 levels for patients with duration 
of therapy of 4 years or less.  
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BACKGROUND 
Type 2 diabetes mellitus and gastroesophageal reflux disease 
(GERD) are two prevalent disease states in the United States 
affecting approximately 10% and 20% of the population, 
respectively.1,2 First line therapies for these disease states 
include metformin and proton pump inhibitors (PPIs), both of 
which have been associated with a decreased absorption of 
vitamin B12 (B12).3,4  
 
B12 is a water-soluble vitamin obtained through ingestion of 
certain meat and dairy products as well as fortified cereals. The 
proenzyme pepsinogen is released from gastric chief cells and 
converted by gastric acid to active pepsin, a digestive enzyme 
responsible for releasing B12 from food protein.5 In the small 
intestine, B12 forms a complex with intrinsic factor (IF), a 
glycoprotein excreted by gastric parietal cells in response to 
histamine, gastrin, and acetylcholine.6 This B12-intrinsic factor 
complex binds transmembrane receptors on cells in the ileum 
and is taken into the cell by endocytosis. Intrinsic factor is 
degraded, leaving free vitamin B12 which is then released into 
portal circulation, bound to the transport protein 
transcobalamin, and distributed throughout the body.5 
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B12 is necessary for proper neurologic function, erythropoiesis, 
and DNA synthesis.  B12 deficiency may result in complications 
ranging from mild fatigue to severe neurological impairments.6 

 
Metformin is thought to decrease B12 levels by interfering with 
calcium-dependent binding of B12-intrinsic factor complex to its 
receptor.7 The risk of metformin induced B12 deficiency 
increases with dose and duration of metformin therapy.8,9 
Patients treated with metformin, particularly those with poor 
dietary intake of B12 or who are predisposed to malabsorption 
(eg, after bariatric surgery), should have B12 levels monitored 
annually.10  
 
PPIs decrease B12 levels by reducing the production of gastric 
acid thereby reducing the release of B12 from food protein.5 
Though there is substantial evidence that PPI therapy  
reduces B12 levels, the clinical significance of this reduction is 
unclear.11-13 
 
Patients receiving concomitant metformin and PPI therapy 
would seem to be at greater risk of B12 deficiency as the 
problem of decreased release of B12 from food protein is 
compounded by the decreased ability of the B12-intrinsic factor 
complex to bind its receptor.  Research testing this hypothesis is 
lacking. 
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OBJECTIVE 
The objective of this study was to assess the prevalence of  
B12 monitoring and supplementation in patients receiving 
concomitant metformin and PPI therapy. 
 
METHODS 
A retrospective data analysis was performed at a single location 
of a multisite Federally Qualified Health Center (FQHC) with a 
340B dispensing pharmacy. Patients 19 years of age and older 
receiving concomitant therapy with metformin and either 
omeprazole or pantoprazole from July 1, 2018 to July 1, 2019 
were included. Included PPIs were those most commonly 
prescribed at the study location. Data was collected by 
generating a report from the electronic medical record (EMR), 
Athenahealth.  
 
Patients were excluded if they were 19 years of age or younger, 
had a glomerular filtration rate of less than 30 mL/min, pregnant, 
or diagnosed with pernicious anemia, peripheral neuropathy, 
Crohn’s disease, Celiac disease, atrophic gastritis, or tapeworm 
infection. Additionally, patients seen at a clinic site other than 
the study location were excluded.  
 
Once patients on dual therapy were identified, charts were 
reviewed and the following data was collected: age, gender, 
race, prescriber, insurance status, metformin dose, metformin 
dosage form, metformin years of exposure, prescribed PPI, PPI 
dose, PPI years of exposure, and vitamin B12 level. 
 
Data were analyzed using descriptive statistics (e.g. averages) 
with Microsoft Excel 2016. This study was approved by the 
Institutional Review Board of Samford University. 
 
RESULTS 
Patient demographics are provided in Table 1. A total of 138 
patients were identified for this study, of which 104 met the 
inclusion criteria (Figure 1). The average age was 53 years. 
Seventy-seven (74%) were female. Approximately half of the 
patients self identified as black; one patient identified as Asian, 
while all the remaining patients identified as white. Eighty-four 
percent (n=87) of patients had some form of insurance. 
 
Metformin 1000 mg immediate release tablets was the most 
common dose and formulation prescribed. The majority of 
patients had a duration of metformin therapy of 1 to 4 years; 21 
patients had a duration of less than 1 year, while the remaining 
8 had a duration of use longer than 4 years. 
 
Omeprazole 40 mg capsules was the most commonly prescribed 
PPI, followed by omeprazole 20 mg capsules and pantoprazole 
40 mg tablets. The most prevalent duration of PPI therapy was 
also 1 to 4 years (n=79). Of the remaining patients, 17 had a 
duration of therapy less than one year and the remaining 8 had 
a duration greater than 4 years. 
 
Only 14 patients (13.5%) had a documented B12 level. Based 
upon laboratory reference values, no patients were categorized 

as deficient. Despite the lack of a documented deficiency,              7 
patients had been prescribed a B12 supplement during the study 
period. 
 
Discussion 
This study aimed to assess the prevalence of B12 monitoring and 
supplementation in patients receiving concomitant metformin 
and PPI therapy. The majority of patients did not have 
documented B12 levels. For those patients with documented 
levels, B12 was within the normal range according to the 
laboratory reference range currently in use at the study location 
(200-1100 pg/mL) when B12 supplementation was initiated.   
 
A small number of patients had been prescribed a supplement 
during the study period despite having a documented B12 level 
within the currently used laboratory reference range. Upon 
further investigation of visit notes, 4 patients were prescribed 
B12 for cobalamin deficiency / non anemic B12 deficiency and 1 
for biotin deficiency; however, these problems were not 
included in the patients’ problem list in the EMR. No indication 
for B12 supplementation was listed for the remaining 2 patients. 
The prescription for 2 of the patients appears to have only been 
entered, not prescribed by our system. It is unknown if a written 
prescription was provided for these patients. Four of the 
patients seem to have currently active prescriptions for B12. All 
patients with a B12 supplement had insurance of some form; 
therefore it is reasonable to assume that access to coverage was 
not a limiting factor, but prescription coverage of B12 
supplements for these patients was not able to be determined. 
 
Other studies recommend routine monitoring of B12 levels for 
patients who have been on metformin long term (> 5 years). 
Aroda et al 9 demonstrated that years of metformin use was 
associated with an increased risk of B12 deficiency in patients 
taking metformin 850 mg twice daily for at least 5 years. Ko et al 
14 found that patients taking metformin ≥ 2000 mg daily for ≥ 10 
years had a 4 fold higher risk for developing B12 deficiency 
compared to patients taking ≤ 1000 mg for ≤ 4 years. Of the 
patients in our study with a B12 level, all have been on 
metformin therapy for less than 4 years; only one patient had 
been on PPI therapy for longer than 4 years (8 year therapy 
duration). Only 3 patients in the study have been on both 
metformin and a PPI for longer than 4 years; unfortunately, 
despite receiving higher doses of each medicine, none of those 
patients had a B12 level available. 
 
Although studies examining the association between PPI use and 
B12 deficiency have yielded conflicting results, a study that 
assessed B12 deficiency in patients taking metformin with a 
proton pump inhibitor found that, of 123 patients taking 
concomitant metformin and a proton pump inhibitor, 42 were 
found to have a B12 deficiency, defined for the purposes of that 
study as < 300 pg/mL.15  
 
This study is not without limitations. Our clinic serves a high 
proportion of Hispanic patients, yet none of the patients 
included in the study were of this race. Given the prevalence of 
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type 2 diabetes and GERD in this patient population,16,17 it was 
surprising the final study sample did not include any Hispanic 
patients. The accuracy and completeness of historical data was 
limited as our EMR system changed during the spring of 2017. 
The low number of patients with a recent documented B12 level 
could be the result of lack of provider knowledge of the need to 
monitor B12 levels, or obtaining and processing the laboratory 
sample could have been cost prohibitive. Future studies might 
assess the impact of educating providers about the need to 
monitor B12 levels in patients taking concomitant metformin 
and PPI therapy. 
 
Another limitation of this study was its failure to identify those 
patients who were would have been at increased risk of B12 
deficiency despite the concomitant use of metformin and a PPI; 
for example, patients with pernicious anemia or GI disorders like 
Celiac disease or Crohn’s disease, patients who have had GI 
surgery, and vegetarians.  It would have been helpful to know 
whether those conditions and not the concomitant use of 
metformin and a PPI prompted monitoring of B12 levels.   
 
CONCLUSION 
In this single center, retrospective chart review of patients 
receiving concomitant metformin and PPI therapy, the average 
duration of therapy for both agents was 1-4 years.  Only 13.5% 
of patients had a documented B12 level.  Of those patients, none 
were categorized as deficient.  Though routine monitoring of B12 
levels may be important for patients on long-term therapy with 
both agents or who present with symptoms of B12 deficiency, 
we did not observe a need to routinely monitor B12 levels for 
patients with a duration of therapy of 4 years or less. 
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Table 1: Patient Demographics 
 

  n; % 

Age, years 20-30 4 

 31-39 13 

 40-49 16 

 50-59 34 

 60-69 25 

 70 and older 11 

Gender Male 27 

 Female 76 

Race Asian 1 

 Black 55 

 White 47 

Insured Yes 86 

 No 17 

Prescribed Metformin Formulation Extended Release 20 

 Immediate Release 83 

Prescribed PPI Omeprazole 71 

 Pantoprazole 32 

Duration of Therapy (metformin; PPI, respectively) < 1 year 20; 17 

 1 to 4  years 77; 81 

 > 4 years 6; 5 
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Figure 1: Patient is the study based on inclusion and exclusion criteria 

 
 

 
 

 

138 Total number of patients on
concomitant metformin and 
PPI therapy

104 Met inclusion criteria

14 Documented B12 level

90 No documented B12 level

34 Excluded

18 Anemia*

2 GFR < 30 mL/min

13 Neuropathy*

2 Not taking study

medications

1 Pernicious anemia


