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Background: Proton Pump inhibitors are widely used among the majority of the world’s population as acid-
suppressing medications. Proton Pump Inhibitors have been reported to cause intestinal damage and adverse
gut microbiota changes affecting several mechanisms, including malabsorption, etc.

Aim: In order to gain a deeper understanding, we conducted a cohort analysis to assess the prevalence & asso-
ciation of Vitamin B12 deficiency in patients on long-term use of PPIs.

Methods: This single-center cohort study was conducted at the Department of Internal Medicine, KRL hospital in
Islamabad, Pakistan from May 2021 to May 2022. Rao soft calculator with a 95% confidence interval and 5%
error margin was used to find the estimated sample size. Vitamin By, levels were analyzed using the Cobas e411
analyzer. Chi-square test, odds ratio, and t-tests were used for analysis.

Results: Among the 1225 participants, more than half of the men (55.10%) had low levels of vitamin B12. Vit B12
levels were observed to be significantly lower in Omeprazole patients than in Pantoprazole patients. A vitamin
B12 deficiency is 0.5 times more likely in patients taking PPIs. There is a substantial difference between the early
and final levels of B12 indicated by the t-test.

Conclusion: According to our findings, long-term usage of PPIs is linked to an increased risk of vitamin B12
insufficiency specifically in men falling under the ages of 18 and 40.

1. Introduction lowered vitamin B-12 absorption [3-6]. This statement is supported by

some systematic reviews and meta-analyses [7,8] as well as a substantial

Proton Pump inhibitors are widely used among the majority of the
world’s population as acid-suppressing medications, and the majority of
patients who receive PPIs do so for at least one year without a clear
indication [1]. Among 700 different drugs, Proton Pump Inhibitors have
also been reported to cause intestinal damage and adverse gut micro-
biota changes affecting several mechanisms, including malabsorption,
autoimmune changes, and other microscopic complications [2].

In addition, patients who continue to take proton pump inhibitors
(PPIs) for a long period experience decreased gastric acid secretion and

number of population-based studies conducted in which data accounts
for the increased risk of vitamin B12 deficiency in patients who take PPIs
at rates of 1.5 PPI pills per day for more than 2 years [9]. Acid sup-
pression therapy encompasses a wide range of drugs, including H2 re-
ceptor blockers as well as PPIs that cause Vitamin B12 deficiency,
regardless of whether the agents are of the same class or different [10].
Considering the time duration, multiple studies demonstrate different
results than those expected. PPIs such as Omeprazole, if used for more
than 6 months can cause Vitb12 deficiency clinical manifestations
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including Neurotoxicity and cognitive decline by oxidative stress
mechanisms [11].

However, when the duration of therapy was over 4 years and routine
monitoring was not taken into account, Omeprazole and Pantoprazole
did not contribute to Vitamin B12 deficiency [12]. A cross-sectional
study that was conducted on patients with Peptic ulcer disease who
had used PPIs for more than 1 year found no significant differences
between the patients’ levels of Vitamin B12 [13]. Another study
comparing elderly subjects who have been on PPI for more than 3 years
with their non-PPI users found no difference in vitamin B12 levels as
well [14].

One can still obtain the desired outcomes for such associations
through the use of a Laboratory Information System (LIS) and avoid the
expense of repeating tests [15]. Moreover, for older adults, MMA/-
creatinine urine testing is another non-invasive and cost-effective
method for screening vitamin B12 levels [16]. Consequently, Vitamin
B12 deficiency is a serious health issue caused by the suppression of ileal
membrane transport and intrinsic factor activity, and if misdiagnosed
can lead to SCD which is a rare and dangerous complication. Therefore,
evaluating its potential risk factors is of concern [17].

In order to gain a deeper understanding, we conducted a cohort
analysis to assess the prevalence & association of Vitamin B12 deficiency
in patients on long-term use of PPIs.

2. Materials and methods

This single-center cohort study was conducted at the Department of
Internal Medicine, KRL hospital in Islamabad, Pakistan from May 2021
to May 2022. An estimated sample size of 1225 participants was
calculated using a Rao soft calculator keeping a 95% confidence interval
& 5% margin of error. Non-probability consecutive sampling technique
was used.

2.1. Eligibility criteria

Patients aged 18-80 years of both genders, on regular PPI therapy for
>1 year were included in our study. Subjects with acquired causes of By
deficiency, such as those with a history of atrophic gastritis, pernicious
anemia, gastric bypass, gastrointestinal infection, ileal resection,
Crohn’s disease, tapeworm infection, alcohol consumption, dietary re-
strictions (such as vegetarians and vegans), or those on medications such
as histamine Hy blockers and metformin were excluded.

2.2. Ethical approval and consent

Ethical approval was obtained from the Institutional Review Board
(IRB) of the KRL hospital, Islamabad, Pakistan before the collection of
data. The aim of the study was explained in detail and Consent was taken
from every patient prior to data collection. Patients’ clinical data were
then extracted from patient records using a standardized proforma.

Our study is fully compliant with the STROCSS 2021 guidelines [18].
A complete STROCSS 2021 checklist has been provided as a supple-
mentary file. Our study has been registered on Research Registry with
the following UIN: researchregistry8101 [19]. Our study is in accor-
dance with the Declaration of Helsinki.

2.3. Data extraction

Sociodemographic and medical details such as age, gender, type of
proton pump inhibitor (PPI) prescribed, dosage and duration of its use,
baseline Vit. By, levels and after treatment with PPI were extracted.

Vitamin By levels were analyzed using the Cobas e411 analyzer.
Subjects with a B; deficient state were administered an intramuscular
injection of cyanocobalamin on alternative days for 2 weeks, followed
by oral therapy thrice daily for four to eight weeks.
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2.4. Analysis

Data was analyzed using SPSS by IBM version 26. Quantitative data
were presented as frequencies and percentages. A Chi-square test was
applied to see the different associations of Bi5 deficiency. The Odds
Ratio was calculated to find the risk of B;5 deficiency in patients with
long-term use of PPI. T-Test was applied to evaluate the impact of initial
and final levels of vitamin B12.

3. Results

Among the total participants, more than half of the men (55.10%)
had low levels of vitamin B12. A p-value of 0.00 was calculated for Vit
B12 deficiency in the 18-40-year-old age group as well as in the 41-80-
year-old group. similarly, a p-value of 0.00 was also found for the 41-80-
year-old age group, as shown in Table 1.

Vit B12 levels were observed to be significantly lower in Omeprazole
patients (54.12%) than in Pantoprazole patients (45.87%). A vitamin
B12 deficiency is 0.5 times more likely in patients taking PPIs (OR =
0.560, 95% CI = 0.444-0.707), as shown in Table 2.

561 patients (45.8%) were on PPI usage for more than 2.6 years, 664
patients (54.2%) had been on PPI use for 1-2.5 years in our study, as
shown in Table 3.

Vit B12 deficiency is more likely to occur 10.3 times in men taking
Regular PPI (OR = 10.377, 95% CI = 8.03-13.404). If a patient is be-
tween the ages of 18 and 40, they are seven times more likely to have
vitamin B12 insufficiency (OR = 7.213, 95% CI = 5.885-8.839), as
shown in Table 4.

There were 599 men (88.74%) who stated that their levels were risen
between 450 and 625 ng/ml, while 76 men (11.26%) claimed that their
levels were raised between 625 and 900 ng/ml 550 females (44.89%)
said their Vit B12 levels were between 625 and 900 ng/ml. Six hundred
and forty-eight patients were found to have adequate amounts of
vitamin B12, of which 599 (92.43%) had levels in the 450-625 ng/ml
range and 76 (7.57%) had levels in the 626-900 ng/ml range. Nearly
half of the 577 (47.10) individuals who had their vitamin B12 levels
above normal were between the ages of 41 and 80, which had a sig-
nificant p-value, as shown in Table 5.

Using paired-samples t-tests, researchers were able to determine the
effect that initial and final B12 levels had on visiting patients. Patients’
B12 levels rose significantly as a result of the study. There is a substantial
difference between the early and final levels of B12, with the latter
having a mean of 749.3 + 116.1. The 95% confidence interval for the
mean rise in test values was 663.84 + 124.94. (—670.845 to —656.837),
as shown in Table 6.

4. Discussion

Our study indicates Using PPIs for 12 months reduced vitamin B12
levels in the body, which was more pronounced among PPI users than
those who did not use PPIs. Long-term PPI medication may have an
impact on vitamin B12 status.

Vitamin B12 insufficiency may be linked to PPIs, although there is
still a lot of debate regarding how to monitor this relationship in recent
years. Long-term usage of PPIs may raise the risk of vitamin B12

Table 1

Patient demographics in association with vit B12 levels checked on initial visit.
Gender Vit B12 levels on Initial visit P -value

10-100 101-200

Male 675 0 0.00
Female 53 497
Age
18-40 years 648 0 0.00
41-80 years 80 497
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Table 2
Vit B12 levels in patients on PPI Use.

PPI taken by Vit B12 levels on P Odds 95% Confidence

patients Initial Visit -value Ratio Interval
10-100 101-200
Omeprazole 352 311 0.00 0.560 0.444-0.707
Pantoprazole 376 186
Table 3
Disease duration of patients taking Regular PPI.
Disease Duration Frequency Percent
1-2.5 years 664 54.2
2.6 = 5 years 561 45.8
Table 4
Risk estimate of vit B12 on initial visit.
Association of Vit B12 levels on Initial OddsRatio  95% Confidence
visit Interval
Gender 10.377 8.03-13.404
Age 7.213 5.885-8.839
Table 5
Gender & Age association with Vit B12 Levels Post Treatment.
Gender Vit B12 levels Post Treatment P -value
450-625 626-900
Male 599 76 0.00
Female 0 550
Age
18-40 years 599 49 0.00
41-80 years 0 577

insufficiency because of vitamin B12 malabsorption and bacterial
overgrowth in the digestive tract [20].

In healthy volunteers on short-term omeprazole therapy for two
weeks, Marcuard et al. [21] were the first to demonstrate
dose-dependent reduction of cyanocobalamin absorption. However,
Termanini et al. [22] were the first to report an increased risk for
vitamin B12 deficiency due to long-term use of PPIs in a prospective
study on patients with Zollinger-Ellison syndrome, similar to our results
showing 10.3 times the risk between long-term PPI usage and vitamin
B12 insufficiency.

There have been conflicting studies on the absolute safety of PPI in
recent years, particularly in patients who have been using it for a long
time. Our analysis included 664 patients (54.2%) who had been using
PPI for between one and two and a half and two and a half years, as
shown in another study [23].

Vit B12 deficiency cannot be treated with the routinely prescribed
PPI doses in those who eat a healthy diet, according to research. For
those over the age of 40 and those with long-term nutritional issues,
there is a two to fourfold increased risk of vitamin B12 deficiency [24],
which is similar to our data showing that those between the ages of 18
and 40 are seven times more likely to have vitamin B12 insufficiency.
Leiden University Medical Centre study shows Participants who had
been taking PPIs for six years or more did not differ from participants
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who had been using PPIs for three to five years, but our study showed
that 664 patients (54.2%) had been on PPI use for more than one to two
years were diagnosed with Vit B12 deficiency [14].

A study done at Mercy Medical Center states that reduction in B12
status occurs in older persons who take long-term PPIs but not long-term
H2 blockers; supplementation with the RDA amount of B12 does not
prevent this decline. Vitamin B12 shortage is frequent in the elderly, and
it looks prudent to test B12 status occasionally while on chronic PPI
usage [25], although patients between the ages of 18 and 40 are seven
times more likely to have vitamin B12 insufficiency than those over the
age of 70.

Over half of patients at University Hospital Aachen were female,
with 67% of those over 60 and 68% of Caucasians over the age of 18
being female. Long-term PPI use was linked to an increased incidence of
vitamin B12 deficiency (odds ratio: 1.7; 95% CI:1.6-1.7) [26]. Whereas
among the 675 male participants in our study, only 550 (44.9%) had
Vitamin B12 levels below normal. The Prishtina University in Kosovo
enrolled a total of 250 adult volunteers, 200 of whom were PPI users and
50 were in the control group. They found significant changes in serum
ferritin and vitamin B12 levels among the PPIs group and particular PPIs
subgroups between the two-time points [20], which is consistent with
our findings that patients’ B12 levels climbed significantly as a result of
the study. Early and final B12 levels differ significantly, with the latter
having a mean value of 749.3 + 116.1. Test values rose by an average of
663.84 + 124.94%. From (—670.845) to (—656.837).

4.1. Limitations

This cohort is a single-centered study which may lower the variety of
cases that could be presented. On the other hand, according to the au-
thors, being a single-centered article has increased the focus of the re-
searchers and has enhanced the accuracy of the study to multiple folds.
Secondly, the data collection time span was about a year which led to the
enrolment of over 1200 participants, this may also increase the
authenticity of the analyses. Thirdly, during the time, when the associ-
ation between PPIs and VIT B12 deficiency is not clear, this mass
research may be of help in reaching the conclusion about this
association.

5. Conclusion

According to our findings, long-term usage of PPIs is linked to an
increased risk of vitamin B12 insufficiency specifically in men falling
under the ages of 18 and 40. Using PPIs at the lowest effective dose for
the shortest time possible is critical to minimizing side effects. These side
effects have the potential to have a therapeutic impact, although their
causal link is still under investigation.

Ethical approval

Ethical Review Committee of KRL Hospital Islamabad has thor-
oughly reviewed the synopsis of titled “Association of Vitamin B12
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in KRL Hospital Islamabad.
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Table 6

Impact of initial & final levels of vitamin B12.
Vit B12 Levels Mean + SD N Mean diff +SD 95% Confidence Interval P-value
Initial Visit 85.99 + 57.46 1225 —663.841 + 124.94 —670.845 to —656.837 0.00
Post Treatment 749.83 £+ 116.11 1225




H. Mumtaz et al.

Author contribution
Contributor ship Statement:

1. The main concept was determined by Hassan Mumtaz

2. Data is interpreted by Syeda Tahira Waheed, Hassan Mumtaz

3. Writing of the manuscript is done by Syed Hasan Ali, Kashmala
Dahar

4. Manuscript editing is done by Abdul Ahad Syed, Bushra Ghafoor,
Hassan Mumtaz

5. Critical Review is done by Hina Saghir and Mariam Tariq

Registration of research studies
1. Name of the registry: Research Registry
2. Unique Identifying number or registration ID: researchregistry8101
3. Hyperlink to your specific registration (must be publicly accessible
and will be checked): Browse the Registry - Research Registry
Guarantor
Hassan Mumtaz and Hina Saghir.
Consent
Consent was taken from every patient prior to data collection. Pa-
tients’ clinical data were then extracted from patient records using a
standardized proforma.
Provenance and peer review
Not Commissioned, externally peer-reviewed.
Future implications
This study will create awareness to the medical practitioners to
discontinue long term prescription of PPI which will in return improve
patient care.
Declaration of competing interest
Nil.
Acknowledgements
None.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.amsu.2022.104762.

References

[1] Laura E. Targownik, Deborah A. Fisher, Sameer D. Saini. AGA Clinical Practice
Update on De-Prescribing of Proton Pump Inhibitors: Expert Review,
Gastroenterology, ISSN 0016-5085. https://doi.org/10.1053/j.gastro.2021.12.247.

[2] Drug-Related Enteropathy. In A. Vannelli, & D. C. Lazar (Eds.), Benign Anorectal
Disorders - An Update IntechOpen. https://doi.org/10.5772/intechopen.103734.

[3] K.M. Porter, L. Hoey, C.F. Hughes, et al., Associations of atrophic gastritis and
proton-pump inhibitor drug use with vitamin B-12 status, and the impact of

[4]

[5]

[6]

[71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

Annals of Medicine and Surgery 82 (2022) 104762

fortified foods, in older adults, Am. J. Clin. Nutr. 114 (4) (2021 Oct 4) 1286-1294,
https://doi.org/10.1093/ajcn/nqab193. PMID: 34134144; PMCID: PMC8488868.
L. Linder, C. Tamboue, J.N. Clements, Drug-induced vitamin B12 deficiency: a
focus on proton pump inhibitors and histamine-2 antagonists, J. Pharm. Pract. 30
(6) (2017) 639-642.

S.M. Wilhelm, P.B. Kale-Pradhan, Effects of proton pump inhibitors on vitamin
B12, Maturitas 79 (1) (2014) 1-2.

S.B. Jung, V. Nagaraja, A. Kapur, G.D. Eslick, Association between vitamin B12
deficiency and long-term use of acid-lowering agents: a systematic review and
meta-analysis, Intern. Med. J. 45 (4) (2015) 409-416.

Q. Liu, S. Li, H. Quan, J. Li, Vitamin B12 status in metformin treated patients: a
systematic review, PLoS One 9 (6) (2014), e100379.

Q. Zhang, S. Li, L. Li, Q. Li, K. Ren, X. Sun, J. Li, Metformin treatment and
homocysteine: a systematic review and meta-analysis of randomized controlled
trials, Nutrients 8 (12) (2016) 798.

J.R. Lam, J.L. Schneider, W. Zhao, D.A. Corley, Proton pump inhibitor and
histamine 2 receptor antagonist use and vitamin B12 deficiency, JAMA 310 (22)
(2013 Dec 11) 2435-2442, https://doi.org/10.1001/jama.2013.280490.PMID:
24327038.

S. Damodharan, G.M. Raj, M. Sakthibalan, et al., Effect of long-term acid
suppression therapy with proton pump inhibitors or H2 receptor blockers on serum
vitamin B12 levels in the elderly population, Ir. J. Med. Sci. 190 (2021)
1213-1217, https://doi.org/10.1007/s11845-020-02399-w.

Larissa Selbach Dries, Rochelle Haefliger, Bruna Sherer Seibert, et al., Cognition,
oxidative stress, and vitamin B12 levels evaluation on patients under long-term
omeprazole use, J. Pharm. Pharmacol. 74 (Issue 4) (April 2022) 547-555, https://
doi.org/10.1093/jpp/rgab001.

L. Chappell, S.A. Brown, T.M. Wensel, Evaluation of vitamin B12 monitoring in
patients on concomitant metformin and proton pump inhibitors, Innov Pharm 11
(4) (2020 Oct 28), https://doi.org/10.24926/iip.v11i4.3355, 10.24926/iip.
v11i4.3355. PMID: 34007643; PMCID: PMC8127105.

Rahamn MR, Uddin Ahmed QM, Rahim MA, Sami CA, Ahmad HI, Hasan MN.
Correlation of Long-Term Proton Pump Inhibitors (PPI) Use with Iron and Vitamin
B12 Deficiency Anaemia. Bangladesh Med. J., 50(1), 27-32. https://doi.org/10.33
29/bmj.v50i1.58250.

W.P. Den Elzen, Y. Groeneveld, W. de Ruijter, et al., Long-term use of proton pump
inhibitors and vitamin B12 status in elderly individuals, Aliment. Pharmacol. Ther.
27 (6) (2008 Mar 15) 491-497, https://doi.org/10.1111/j.1365-2036.2008.03601.
x. Epub 2008 Jan 10. PMID: 18194503.

Maria Salinas, Maite Lopez-Garrigés, Emilio Flores, et al., Laboratory test
requesting appropriateness and patient safety, Bioanalysis 14:9 (2022) 615-626.
T.A. Rowe, M. Juthani-Mehta, Diagnosis and management of urinary tract infection
in older adults, Infect. Dis. Clin. 28 (1) (2014 Mar) 75-89, https://doi.org/
10.1016/j.idc.2013.10.004. Epub 2013 Dec 8.

N. Kostick, E. Chen, T. Eckert, I. Sirotkin, E. Baldinger, A. Frontera, Clinical
presentation of subacute combined degeneration in a patient with chronic B12
deficiency, Fed. Pract. 39 (3) (2022) 142-146, https://doi.org/10.12788/fp.0228.
G. Mathew, R. Agha, for the STROCSS Group, Strocss 2021: strengthening the
Reporting of cohort, cross-sectional and case-control studies in Surgery, Int. J.
Surg. 96 (2021), 106165.

Browse the Registry - Research Registry.

H. Qorraj-Bytyqi, R. Hoxha, S. Sadiku, et al., Proton pump inhibitors intake and
iron and vitamin B12 status: a prospective comparative study with a follow up of
12 months, Open Access Maced J Med Sci 6 (3) (2018 Mar 12) 442-446, https://
doi.org/10.3889/0amjms.2018.142. PMID: 29610598; PMCID: PMC5874363.
S.P. Marcuard, L. Albernaz, P.G. Khazanie, Omeprazole therapy causes
malabsorption of cyanocobalamin (vitamin B12), Ann. Intern. Med. 120 (1994)
211-215, https://doi.org/10.7326/0003-4819-120-3-199402010-00006.

B. Termanini, F. Gibril, V.E. Sutliff, F. Yu, D.J. Venzon, R.T. Jensen, Effect of long-
term gastric acid suppressive therapy on serum vitamin B12 levels in patients with
Zollinger-Ellison syndrome, Am. J. Med. 104 (1998) 422, https://doi.org/
10.1016/50002-9343(98)00087-4.

D.S. Strand, D. Kim, D.A. Peura, 25 Years of proton pump inhibitors: a
comprehensive review, Gut Liver 11 (2017) 27-37, https://doi.org/10.5009/
gnl15502.

J.R. Lam, J.L. Schneider, W. Zhao, D.A. Corley, Proton pump inhibitor and
histamine 2 receptor antagonist use and vitamin B12 deficiency, JAMA 310 (2013)
2435-2442, https://doi.org/10.1001/jama.2013.280490.

T.S. Dharmarajan, M.R. Kanagala, P. Murakonda, A.S. Lebelt, E.P. Norkus, Do acid-
lowering agents affect vitamin B12 status in older adults? J. Am. Med. Dir. Assoc. 9
(3) (2008 Mar) 162-167, https://doi.org/10.1016/j.jamda.2007.10.004. PMID:
18294598.

L. Buendgens, J. Bruensing, M. Matthes, et al., Administration of proton pump
inhibitors in critically ill medical patients is associated with increased risk of
developing Clostridium difficile-associated diarrhea, J. Crit. Care 29 (4) (2014
Aug) 696.e11-696.e15, https://doi.org/10.1016/j.jcrc.2014.03.002. Epub 2014
Mar 7. PMID: 24674763.


https://doi.org/10.1016/j.amsu.2022.104762
https://doi.org/10.1016/j.amsu.2022.104762
https://doi.org/10.1053/j.gastro.2021.12.247
https://doi.org/10.5772/intechopen.103734
https://doi.org/10.1093/ajcn/nqab193
http://refhub.elsevier.com/S2049-0801(22)01522-9/sref4
http://refhub.elsevier.com/S2049-0801(22)01522-9/sref4
http://refhub.elsevier.com/S2049-0801(22)01522-9/sref4
http://refhub.elsevier.com/S2049-0801(22)01522-9/sref5
http://refhub.elsevier.com/S2049-0801(22)01522-9/sref5
http://refhub.elsevier.com/S2049-0801(22)01522-9/sref6
http://refhub.elsevier.com/S2049-0801(22)01522-9/sref6
http://refhub.elsevier.com/S2049-0801(22)01522-9/sref6
http://refhub.elsevier.com/S2049-0801(22)01522-9/sref7
http://refhub.elsevier.com/S2049-0801(22)01522-9/sref7
http://refhub.elsevier.com/S2049-0801(22)01522-9/sref8
http://refhub.elsevier.com/S2049-0801(22)01522-9/sref8
http://refhub.elsevier.com/S2049-0801(22)01522-9/sref8
https://doi.org/10.1001/jama.2013.280490.PMID:24327038
https://doi.org/10.1001/jama.2013.280490.PMID:24327038
https://doi.org/10.1007/s11845-020-02399-w
https://doi.org/10.1093/jpp/rgab001
https://doi.org/10.1093/jpp/rgab001
https://doi.org/10.24926/iip.v11i4.3355
https://doi.org/10.3329/bmj.v50i1.58250
https://doi.org/10.3329/bmj.v50i1.58250
https://doi.org/10.1111/j.1365-2036.2008.03601.x
https://doi.org/10.1111/j.1365-2036.2008.03601.x
http://refhub.elsevier.com/S2049-0801(22)01522-9/sref15
http://refhub.elsevier.com/S2049-0801(22)01522-9/sref15
https://doi.org/10.1016/j.idc.2013.10.004
https://doi.org/10.1016/j.idc.2013.10.004
https://doi.org/10.12788/fp.0228
http://refhub.elsevier.com/S2049-0801(22)01522-9/sref18
http://refhub.elsevier.com/S2049-0801(22)01522-9/sref18
http://refhub.elsevier.com/S2049-0801(22)01522-9/sref18
https://doi.org/10.3889/oamjms.2018.142
https://doi.org/10.3889/oamjms.2018.142
https://doi.org/10.7326/0003-4819-120-3-199402010-00006
https://doi.org/10.1016/S0002-9343(98)00087-4
https://doi.org/10.1016/S0002-9343(98)00087-4
https://doi.org/10.5009/gnl15502
https://doi.org/10.5009/gnl15502
https://doi.org/10.1001/jama.2013.280490
https://doi.org/10.1016/j.jamda.2007.10.004
https://doi.org/10.1016/j.jcrc.2014.03.002

	Association of Vitamin B12 deficiency with long-term PPIs use: A cohort study
	1 Introduction
	2 Materials and methods
	2.1 Eligibility criteria
	2.2 Ethical approval and consent
	2.3 Data extraction
	2.4 Analysis

	3 Results
	4 Discussion
	4.1 Limitations

	5 Conclusion
	Ethical approval
	Funding
	Author contribution
	Registration of research studies
	Guarantor
	Consent
	Provenance and peer review
	Future implications
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


