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Abstract
Background: Warfarin is recommended for several diseases, but it may cause bleeding particularly gastrointestinal bleeding. Proton pump inhibitor (PPI) is 
recommended in five conditions such as history of peptic ulcer disease, co-administration of antiplatelet, NSAIDs, or corticosteroids. There is limited data on 
PPI prophylaxis in patients with warfarin treatment with these five conditions. Objective: This study aimed to find additional predictors for PPI prophylaxis 
in patients who received warfarin therapy with any other recommended factors. Methods: This study was a retrospective cohort study conducted on 
hospital database of Khon Kaen University, Thailand. The inclusion criteria were adult patients who received warfarin therapy with any indications and 
were indicated for PPI prophylaxis by presence of one of any recommended factors mentioned above. Rates of PPI prophylaxis in the five conditions and 
clinical factor predictive PPI prescription were analyzed. Results: There were 1,789 patients who required PPI prevention while taking warfarin. The mean 
age of all patients was 70.45 year with a proportion of male patient of 51.87%. Of those, 611 patients (34.15%) received PPI prevention. According to the 
recommended factors, the PPI group had higher proportions of patients with age of more than 65 years (80.36% vs 73.60%), uncomplicated peptic ulcer 
disease (2.95% vs 0.68%), and concomitant corticosteroid (27.66% vs 12.31%) than the non-PPI group significantly. Concomitant antiplatelet and NSAIDs 
were not significant (p value = 0.665 and 0.458). Several predictors for PPI prophylaxis were identified such as diabetes, ischemic heart disease, treatment 
with clopidogrel, or internists as a primary physician. Conclusions: PPI prophylaxis in patients treated with warfarin was low at 34.15%. Predictors both 
positively and negatively of PPI prophylaxis were identified in five categories. Physicians who treat patients with warfarin therapy should be acknowledged 
on PPI prophylaxis appropriately. Additionally, these findings highlight the need for pharmacy-led interventions, such as clinical audits or risk assessment 
tools, to ensure appropriate gastroprotection in patients on warfarin.
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from warfarin was 127/10,000 person-year3.  

Proton pump inhibitor (PPI) is effective and recommended 
in patients receiving warfarin therapy4,5. A probability of GI 
bleeding in five years was 12.6% which leading to higher 
incidence of all-cause mortality by 2.9 times (p < 0.001)6. Risk of 
hospitalized upper GI bleeding was decreasing by 24% in patients 
received warfarin and PPI co-therapy and 45% if antiplatelet or 
NSAIDs were used concomitantly3,7. It is recommended that PPI 
should be prescribed in patients receiving warfarin with an age 
of 65 years, history of peptic ulcer disease, co-administration 
of antiplatelet, NSAIDs, or corticosteroids8. Several risk factors 
for GI bleeding from warfarin were identified such as age, 
being hypertension, or alcohol dependence1. However, only 
42.2% of patients received any anticoagulation with aspirin 
were prescribed PPI9. Only age and preadmission PPI use 
were significant predictors for PPI prophylaxis. Note that the 
previous study included patients who received warfarin only 
56.6%. This study aimed to find additional predictors for PPI 
prophylaxis in patients who received warfarin therapy with any 
other recommended factors. 

METHODS
This study was a retrospective cohort study conducted on 
hospital database of Khon Kaen University, Thailand. The 
inclusion criteria were adult patients who received warfarin 

INTRODUCTION
Warfarin is recommended for several diseases such as 
atrial fibrillation, acute coronary syndrome, or venous 
thromboembolism1. It is widely used in clinical practice due to 
its low cost with plenty of clinical evidence. A systematic review 
of 14,423 patients found that warfarin significantly lower risk 
of stroke and systemic embolism compared with aspirin by 
41%2. But, it increased risk of bleeding by 2.88 times1. Severe 
bleeding incidence rate was 37 per 1000 person-year with 
slightly higher rate in men (38 vs 35). Additionally, the incidence 
rate of upper gastrointestinal (GI) bleeding with hospitalization 
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therapy with any indications and were indicated for PPI 
prophylaxis by presence of any recommended factors 
mentioned above at the outpatient department. Eligible 
patients were followed for two consecutive time frames of 180 
days or 360 days. This study was a part of the warfarin project 
of Khon Kaen University and conducted between January 2018 
and December 2023. The study protocol was approved by the 
ethics committee in human research, Khon Kaen University (HE 
661254) and compiled with the principles of the Declaration of 
Helsinki and the ICH Good Clinical Practice Guidelines.

Eligible patients were identified from the hospital database 
and the pharmacy database by searching on patients who 
received warfarin. The hospital database was used to evaluate 
the baseline characteristics and comorbid diseases, while the 
pharmacy database was used to collect data of concomitant 
medications, and refill data. Eligible patients were evaluated 
for baseline characteristics (age, and sex) and six categories 
including recommended factors for PPI prophylaxis, 
comorbidities, indications for warfarin, associated GI diseases, 
antiplatelet, and primary physicians. The indications for 
warfarin treatment were one of the seven diseases: atrial 
fibrillation, valvular heart disease, venous thromboembolism, 
ischemic stroke, ischemic heart disease, cardiomyopathy, and 
antiphospholipid syndrome. The associated gastrointestinal 
diseases were gastroesophageal reflux disease, dyspepsia, 
gastritis/ duodenitis, uncomplicated peptic ulcer disease, and 
bleeding peptic ulcer disease. Those with gastritis/ duodenitis, 
uncomplicated peptic ulcer disease, and bleeding peptic 
ulcer disease were categorized as peptic ulcer disease. PPI 
prescription was defined by presence of PPI prescription with 
warfarin and warfarin refills. The partial PPI prescription was 
considered as non-PPI group. 

Statistical analyses. Patients were categorized into two groups: 
non-PPI and PPI group. Descriptive statistics were used to 
summarize studied variables. Factors in the six categories 
were compared between non-PPI and PPI group using Chi 
square or Fisher Exact test where appropriate. Clinical factor 
predictive models for PPI prescription of the six categories 
except recommended factors were performed by using a 
stepwise multivariable logistic regression analysis. All factors in 
each category were put in the stepwise multivariable logistic 
regression model. Factors with a p value of less than 0.20 
remained in the model. Unadjusted and adjusted odds ratio 
with 95% confidence intervals for factors in each model were 
reported. All analyses were computed by using STATA software 
version 18.0 (College Station, Texas, USA).

RESULTS
There were 1,789 patients who required PPI prevention 
while taking warfarin. The mean age of all patients was 70.45 
year (SD 13.26) with a proportion of male patient of 51.87% 
(928 patients). Of those, 611 patients (34.15%) received PPI 
prevention. 

According to the recommended factors (Table 1), the PPI 
group had higher proportions of patients with age of more 
than 65 years (80.36% vs 73.60%), uncomplicated peptic ulcer 

disease (2.95% vs 0.68%), and concomitant corticosteroid 
(27.66% vs 12.31%) than the non-PPI group significantly. 
Concomitant antiplatelet and NSAIDs were not significant 
(p value = 0.665 and 0.458). The PPI group had significantly 
higher proportions of three comorbidities including diabetes, 
chronic kidney disease, and heart failure than the non-PPI 
group. Additionally, the proportions of the following factors 
were significantly higher in the PPI group than non-PPI group: 
indications for warfarin (ischemic heart disease); associated 
GI diseases (gastroesophageal reflux disease, dyspepsia, 
gastritis/ duodenitis, and uncomplicated peptic ulcer); 
antiplatelet (clopidogrel); and primary physicians (cardiologist, 
nephrologist, and rheumatologist). The non-PPI group had 
significantly higher proportions of patients with valvular heart 
disease (32.09% vs 16.04%; p value < 0.001), and cardiovascular 
thoracic surgeon (28.27% vs 12.93%; p value < 0.001) than the 
PPI group (Table 1).

Table 2-6 showed predictive model for PPI prescription in 
patients who received warfarin treatment by comorbidities, 
indications for warfarin, associated gastrointestinal diseases, 
antiplatelet therapy, and primary physicians. Among the six 
comorbidities (Table 2), four factors remained in the model; 
three factors were significant. Chronic kidney disease had the 
highest adjusted odds ratio at 2.03 (Table 2). For indications 
for warfarin model (Table 3), there were five factors remaining 
in the model. Of those, two factors were significant including 
ischemic heart disease (highest adjusted odds ratio of 3.64), 
and valvular heart disease (adjusted odds ratio of 0.37). 
The model for associated gastrointestinal diseases had four 
remaining factors with three significant factors including 
gastroesophageal reflux disease (highest adjusted odds ratio 
of 6.56, dyspepsia, and uncomplicated peptic ulcer disease 
(Table 4). Clopidogrel was a significant factor in the antiplatelet 
category with the adjusted odds ratio of 5.15 (95% confidence 
interval of 3.30, 8.04), while aspirin was negatively related 
with PPI prophylaxis with adjusted odds ratio of 0.74 (95% 
confidence interval of 0.59, 0.93) as shown in Table 5. There 
were seven primary physicians remaining in the model with one 
negative factor: cardiovascular thoracic surgeon (adjusted odds 
ratio of 0.66) and five positive factors: internists, cardiologists, 
hematologists, rheumatologists, and nephrologists. The 
rheumatologists had the highest adjusted odds ratio of 4.50 
(Table 6).

DISCUSSION
This study found that the PPI prophylaxis in patients who received 
warfarin therapy was 34.15%. The highest PPI prophylaxis rate 
was given in the setting of age of 65 years or more (80.36%) as 
shown in Table 1, while PPI prophylaxis was given with low rate 
in the setting of gastritis/ duodenitis (1.15%), general surgeon 
(1.15%) and ticagrelor (0.16%). These data may indicate 
that attending physicians may not be acknowledged for PPI 
prophylaxis in patients with warfarin therapy. Even though this 
study was conducted in the university hospital, the overall rate 
was somewhat lower than the previous report from New York 
(34.15% vs 42.2%).9 But this rate was higher than a study from 
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Table 1. Clinical factors of proton pump inhibitor prescription in patients who received warfarin treatment by clinical category.

Factors No PPI PPI p value

(n = 1,178) (n = 611)

1. Recommended factors

     > 65 years 867 (73.60) 491 (80.36) 0.002

     Peptic ulcer disease 29 (2.46) 36 (5.89) < 0.001

     Concomitant antiplatelet 368 (31.24) 197 (32.24) 0.665

     Concomitant corticosteroid 145 (12.31) 169 (27.66) < 0.001

     Concomitant NSAIDs 94 (7.98) 55 (9.00) 0.458

2. Comorbidities

     Hypertension 303 (25.72) 173 (28.31) 0.239

     Diabetes mellitus 178 (15.11) 117 (19.15) 0.029

     Chronic kidney disease 96 (8.15) 99 (16.20) < 0.001

     Active malignancy 52 (4.41) 28 (4.58) 0.87

     Heart failure 36 (3.06) 38 (6.22) 0.001

     Cirrhosis 18 (1.53) 16 (2.62) 0.109

3. Indications for warfarin

     Atrial fibrillation 486 (41.26) 243 (39.77) 0.544

     Valvular heart disease 378 (32.09) 98 (16.04) < 0.001

     Venous thromboembolism 152 (12.90) 77 (12.60) 0.857

     Ischemic stroke 131 (11.12) 85 (13.91) 0.086

     Ischemic heart disease 53 (4.50) 95 (15.55) < 0.001

     Cardiomyopathy 34 (2.89) 25 (4.09) 0.176

     Antiphospholipid syndrome 23 (1.95) 21 (3.44) 0.055

4. Associated GI diseases

     Gastroesophageal reflux disease 6 (0.51) 19 (3.11) < 0.001

     Dyspepsia 5 (0.42) 10 (1.64) 0.012

     Gastritis / Duodenitis 6 (0.51) 7 (1.15) 0.133

     Uncomplicated peptic ulcer disease 8 (0.68) 18 (2.95) < 0.001

     Bleeding peptic ulcer disease 15 (1.27) 11 (1.80) 0.377

5. Antiplatelet

     Aspirin 352 (29.88) 156 (25.53) 0.053

     Clopidogrel 30 (2.55) 69 (11.29) < 0.001

     Cilostazol 9 (0.76) 9 (1.47) 0.154

     Ticagrelor 0 1 (0.16) 0.165

     Dual antiplatelet 368 (31.24) 196 (32.08) 0.717

     Any antiplatelet 368 (31.24) 197 (32.24) 0.665

6. Primary physicians

     Cardiovascular thoracic surgeons 333 (28.27) 79 (12.93) < 0.001

     Internists 218 (18.51) 122 (19.97) 0.455

     Cardiologists 180 (15.28) 135 (22.09) < 0.001

     Neurologists 139 (11.08) 72 (11.78) 0.992

     Hematologists 56 (4.75) 37 (6.06) 0.239

     Nephrologists 36 (3.06) 54 (8.84) < 0.001

     General practitioners 55 (4.67) 21 (3.44) 0.221

     Rheumatologists 28 (2.38) 45 (7.36) < 0.001
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Table 2. Predictive model of proton pump inhibitor prescription in patients who received warfarin treatment by comorbidities.

Factors
Unadjusted odds ratio Adjusted odds ratio

(95% confidence interval) (95% confidence interval)

Diabetes Mellitus 1.33 (1.03, 1.72) 1.94 (1.21, 3.13)

Chronic kidney disease 2.17 (1.61, 2.94) 2.03 (1.49, 2.75)

Cirrhosis 1.73 (0.88, 3.42) 1.67 (0.84, 3.33)

Heart failure 2.10 (1.31, 3.36) 1.94 (1.21, 3.13)

Table 4. Predictive model of proton pump inhibitor prescription in patients who received warfarin treatment by associated gastrointestinal diseases.

Factors
Unadjusted odds ratio Adjusted odds ratio

(95% confidence interval) (95% confidence interval)

Gastroesophageal reflux disease 6.27 (2.49, 15.78) 6.56 (2.60, 16.50)

Dyspepsia 3.90 (1.33, 11.47) 4.14 (1.41, 12.17)

Gastritis / Duodenitis 2.26 (0.76, 6.77) 2.42 (0.81, 7.22)

Uncomplicated peptic ulcer disease 1.42 (0.65, 3.11) 4.66 (2.01, 10.78)

     General surgeons 25 (2.12) 7 (1.15) 0.139

     Gastroenterologists 16 (1.36) 8 (1.31) 0.932

Note. Data presented as number (percentage); NSAIDs: nonsteroidal anti-inflammatory drugs.

Table 3. Predictive model of proton pump inhibitor prescription in patients who received warfarin treatment by indications for warfarin.

Factors
Unadjusted odds ratio Adjusted odds ratio

(95% confidence interval) (95% confidence interval)

Atrial fibrillation 0.94 (0.77, 1.15) 0.80 (0.64, 1.00)

Valvular heart disease 0.40 (0.32, 0.52) 0.37 (0.29, 0.49)

Venous thromboembolism 0.97 (0.73, 1.31) 0.76 (0.55, 1.05)

Antiphospholipid syndrome 1.79 (0.98, 3.26) 1.50 (0.81, 2.76)

Ischemic heart disease 3.91 (2.75, 5.56) 3.64 (2.53, 5.23)

Table 5. Predictive model of proton pump inhibitor prescription in patients who received warfarin treatment by antiplatelet therapy.

Factors
Unadjusted odds ratio Adjusted odds ratio

(95% confidence interval) (95% confidence interval)

Aspirin 0.80 (0.65, 1.00) 0.74 (0.59, 0.93)

Clopidogrel 4.87 (3.13, 7.57) 5.15 (3.30, 8.04)

Table 6. Predictive model of proton pump inhibitor prescription in patients who received warfarin treatment by primary physicians.

Factors
Unadjusted odds ratio Adjusted odds ratio

(95% confidence interval) (95% confidence interval)

Cardiovascular thoracic surgeons 0.38 (0.29, 0.49) 0.66 (0.46, 0.97)

Internists 1.10 (0.86, 1.41) 1.57 (1.10, 2.24)

Cardiologists 1.57 (1.23, 2.02) 2.10 (1.47, 3.01)

Neurologists 0.99 (0.74, 1.35) 1.45 (0.98, 2.16)

Hematologists 1.29 (0.84, 1.98) 1.85 (1.12, 3.06)
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University of Michigan (8.9%)10. Note that this study included 
only patients receiving warfarin with various indications, 
while the New York study was conducted in patients with 
various anticoagulation combination with aspirin; 56.5% took 
warfarin. The PPI prophylaxis rate in patients treated with 
warfarin and aspirin was even lower in this study at 25.53%. 
The low PPI prophylaxis rate was similar to a previous study 
of PPI prophylaxis in patients receiving low dose aspirin (46% 
of PPI prophylaxis) or dual antiplatelet therapy (32% of PPI 
prophylaxis)11,12.

Regarding predictors for PPI prophylaxis in patients with 
warfarin treatment (Table 2-6), several factors were significant 
additional to the previous study9 including comorbidities, 
indications for warfarin, associated GI diseases, antiplatelet 
therapy, and primary physicians. Chronic kidney disease 
was previously reported to be a significant predictor for GI 
bleeding in patients with anticoagulant therapy either warfarin 
or direct oral anticoagulants with adjusted odds ratio of 6.7 
(95% confidence interval of 2.3-19.6), this finding may remind 
physicians to prescribe PPI prophylaxis in patients receiving 
warfarin in this study with the highest adjusted odds ratio (2.03) 
in the comorbidities category6. Other studies also confirmed 
that chronic kidney disease was associated with GI bleeding 
by 1.72 times (p < 0.0010) and mortality from major bleeding 
by 8.24 times: 95% confidence interval of 6.76, 10.0413,14. 
Most comorbidities and indications for warfarin therapy are 
at risk of GI bleeding resulting in more PPI prescription rates 
such as diabetes, cirrhosis, heart failure or ischemic heart 
disease (Table 2, 3). Patients with acute coronary syndrome 
with GI bleeding was associated with mortality with adjusted 
hazard ratio of 4.87 (95% confidence interval of 2.61, 9.08)15. 
Valvular heart disease was associated with lower rates of PPI 
prophylaxis (Table 3). Using PPI may be related with increasing 
risk of cardiovascular surgery by 5.77 times (p < 0.001) or atrial 
fibrillation by 1.87 times (p = 0.025) in patients with ischemic 
and valvular heart disease16. These may prevent using PPI 
in patients with valvular heart disease but not patients with 
ischemic heart disease in this study.

A study in patients with low dose aspirin treatment found that 
those with duodenal ulcer or peptic ulcer but not heart burn 
are at risk of GI complications significantly (1.1% vs 0.1% for 
peptic ulcer; p < 0.0001)11. The history of peptic ulcer disease 
was more common in patients treated with warfarin with GI 
bleeding than those without GI bleeding (12.9% vs 5.7%; 
p = 0.048)14. In this study, gastroesophageal reflux disease 
was related to PPI prophylaxis as well as dyspepsia, and 
uncomplicated peptic ulcer disease. These findings may be 
explained by these conditions were treated with PPI as the 
main treatment. However, the PPI prophylaxis prescription in 
this category was still low (1.15%-3.11%) as shown in Table 1. 
Surprisingly, bleeding peptic ulcer disease was not a significant 
predictor for PPI prophylaxis and did not remain in the 
predictive model. A previous study found that prior history of 

GI bleeding was related to GI bleeding in patients with warfarin 
therapy (p < 0.001)14. But it was not significant in this study after 
adjusted by other GI conditions. These may imply that previous 
GI bleeding may not be a strong indicator of PPI prophylaxis 
compared to other conditions of peptic ulcer disease (Table 4).

Regarding antiplatelet therapy, only two factors remained in 
the model and both aspirin and clopidogrel were associated 
with PPI prophylaxis significantly (Table 5). These findings 
may indicate that physicians may believe that clopidogrel had 
higher risk of GI bleeding than aspirin in patients receiving 
warfarin therapy. Additionally, clopidogrel and PPI combination 
was the common regimen in patients with vascular ischemic 
events17. As previously reported, PPI prophylaxis was low in 
patients with aspirin therapy (46%) and even lower in this 
study (25.53%) resulting in negative adjusted odds ratio of 
aspirin in this study11. Note that though triple therapy with 
warfarin, aspirin, and clopidogrel was associated with fatal 
or nonfatal bleeding (hazard ratio of 3.70; 95% confidence 
interval of 2.89, 4.76), it was not significant in this study (p = 
0.717; table 1) and was not remaining in the predictive model 
(Table 5). These results may indicate that attending physicians 
may not acknowledge this risk. Among primary physicians, 
internists, cardiologists, hematologists, rheumatologists, and 
nephrologists were likely to prescribe PPI prophylaxis in patients 
with received warfarin as these physicians see patients with 
high risk of GI bleeding. Therefore, the rate of PPI prophylaxis 
was significantly higher than others. In contrast, cardiovascular 
thoracic surgeons tended to not prescribe PPI prophylaxis. 
Several studies showed that inappropriate PPI prophylaxis was 
common during perioperative period18-20. An inappropriate PPI 
prescription was high at 42.4% in surgical inpatients and 9.3% 
of under prescription18.

These databases were conducted in many patients with 
warfarin treatment and showed several additional predictors 
of PPI prophylaxis. However, PPI prophylaxis rate was still 
low as previously reported.9 These results may imply that 
clinical pharmacists may identify high-risk patients and guide 
appropriate PPI prophylaxis by using the pharmacy database. 
The possible interventions by the clinical pharmacists 
included history taking from the patients at risk, medication 
reconciliation from the pharmacy database, system alert for the 
high-risk patients, or multidisciplinary educational initiatives 
for patients receiving warfarin. There are some limitations in 
this study. First, the model was computed in each category 
but not across to other categories. Second, only patients with 
warfarin therapy were included; direct oral anticoagulants 
were not studied. Finally, those with partial PPI prophylaxis 
were defined as incomplete or no PPI prophylaxis.

CONCLUSIONS
PPI prophylaxis in patients treated with warfarin was low 
at 34.15%. Predictors both positively and negatively of PPI 

Rheumatologists 3.26 (2.02, 5.29) 4.50 (2.61, 7.80)

Nephrologists 3.08 (1.99, 4.75) 4.20 (2.53, 6.97)
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