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Background/Aims: Although proton pump inhibitors (PPIs) remain a mainstay for the suppression of gastric acid secretion, 
long-term PPI use is associated with side effects. However, the genotoxicity associated with long-term PPI use is unclear.
Materials and Methods: This prospective observational pilot study enrolled patients who had been on PPIs for >1 year and healthy 
controls from July 2015 to August 2016. The subjects completed self-report questionnaires pertaining to their drug and medical his-
tory, and only those with no medical history and a ≥2-year wash-out period (for drugs other than PPIs) were included. We collected 
peripheral-blood lymphocytes from long-term PPI users and healthy controls and analyzed the genotoxicity by using the cytokine-
sis-block micronucleus cytome assay; we also determined the fasting serum levels of pyridoxine, folate, cobalamin, and 
homocysteine.
Results: Ten long-term PPI users and 40 healthy control subjects were enrolled. The median serum pyridoxine, folate, cobalamin, 
and homocysteine levels were not significantly different between the groups. The median frequencies of micronuclei (MNi), nucleo-
plasmic bridges (NPBs), and nuclear buds (Nbuds) per 1,000 binucleated cells, in long-term PPI users and healthy controls, were 
30.3 and 16.3 (P<0.005), 2.5 and 1.8 (P<0.005), and 9.3 and 5.0 (P<0.005), respectively. Even after adjustment for confounding 
factors, the OR of the MNi, NPBs, and Nbuds for long-term PPI users compared with healthy control subjects were 14.1 (P<0.001), 
2.0 (P=0.001), and 1.3 (P=0.3), respectively.
Conclusions: Long-term PPI use was significantly associated with an increased risk of genotoxicity after adjustment for age, sex, 
body mass index, medical history, drug history, and the serum levels of vitamins. (Korean J Helicobacter Up Gastrointest Res 
2020;20:47-53)
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INTRODUCTION

Proton pump inhibitors (PPIs) suppress gastric acid secre-

tion and are used to treat gastroesophageal reflux disease 

and peptic ulcers.1,2 Because PPIs are considered effective 

and are well-tolerated, they are also prescribed for in-

appropriate conditions.1,2

Long-term use of PPIs can cause side effects of varying 

severity. Unlike the rare and mild side effects of short‐term 

use of PPIs, the potential long‐term complications of PPIs 

include an increased risk of infection, dementia, chronic kid-

ney disorders, cardiovascular diseases, and cancer.1,3-8 

However, the mechanisms underlying the long-term side ef-

fects of PPIs are unclear,5,6 as is their genotoxicity.

Micronuclei (MNi), nucleoplasmic bridges (NPBs), and nu-

clear buds (Nbuds) in peripheral blood lymphocytes (PBL) 

are used as biomarkers of chromosomal damage. MNi is a 

biomarker of chromosome breakage and/or loss.9-11 NPBs 

indicate DNA strand-break misrepair and/or telomere end 

fusion.9-11 Nbuds are biomarkers of gene amplification 

and/or elimination of DNA repair complexes.9-11 However, 

the genotoxicity of long-term PPI use is unknown. In this 

study, we assessed the genotoxicity of long-term PPI use 

by cytokinesis-block micronucleus cytome (CBMN-Cyt) as-

say, with adjustment for demographic variables, comorbid-

ities, drug history, and serum vitamin levels.

http://crossmark.crossref.org/dialog/?doi=10.7704/kjhugr.2019.0027&domain=pdf&date_stamp=2020-03-10
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MATERIALS AND METHODS

The Institutional Review Board of Gil Medical Center ap-

proved the study protocol, and the study was registered with 

the Clinical Research Information Service (KCT0001688).

1. Definition of long-term PPI users and healthy 
controls

This was a nested case–control study performed in the 

Gil Medical Center from July 2015 to August 2016. In this 

study, all of the subjects completed self-report ques-

tionnaires pertaining to their drug and medical history, 

and only those with no medical history (other than reflux 

esophagitis for PPI users) and a ≥2-year drug (other than 

PPIs) wash-out period were included.

The inclusion criteria for the long-term PPI users (>1 year) 

were: age 20~80 years, non-smokers (>10 years since quitting 

smoking), and no drug history within 2 years. The exclusion 

criteria for the long-term PPI users were as follows: use of 

supplemental vitamins in the previous 6 months, conditions 

other than gastroesophageal reflux disease (daily alcohol in-

take >35 g for men or >28 g for women, strict vegetarianism, 

history of cancer, gastrectomy, ileal disease, or pregnancy), 

or patients who had taken drugs other than PPIs within 2-year 

period. The patients underwent gastrointestinal endoscopy 

to detect gastrointestinal disorders other than gastro-

esophageal reflux.

The healthy controls, who had visited Gil Medical Center 

for a health check-up, were non-smokers or had quit smoking 

>10 years prior, and had no known disease or drug history 

within 6 months. The other exclusion criteria were the same 

as for the long-term PPI users.

Written informed consent was obtained from all sub-

jects prior to participation. The subjects were informed of 

the study aims and methods, as well as possible side 

effects.

2. Laboratory parameters

Blood samples were obtained from all patients follow-

ing a 12 hours fast and were collected in serum-separat-

ing tubes or 5 mmol/L ethylenediaminetetraacetic acid 

tubes. Blood samples were centrifuged for 15 minutes at 

3,300 rpm and stored at -20℃ until analysis. Pyridoxine 

analysis was performed by high-performance liquid 

chromatography. Folate and cobalamin levels were meas-

ured by radioimmunoassay, and that of homocysteine by 

chemiluminescence immunoassay.

3. CBMN assay

We analyzed genotoxicity by CBMN-Cyt assay in PBL 

from long-term PPI users and healthy controls, and de-

termined the fasting serum levels of pyridoxine, folate, 

cobalamin, and homocysteine. PBLs were isolated from 

the blood samples and subjected to CBMN-Cyt assays for 

MNi (biomarker of chromosome breakage or loss), NPBs 

(biomarker of DNA mis-repair), and Nbuds (biomarker of 

elimination of DNA from the nucleus or DNA repair com-

plexes).12-15 Blood samples were deidentified and the ex-

aminers were blinded to the experimental procedures.

PBLs were cultured aseptically in class II biological safety 

cabinets12,15-17 and phytohemagglutinin (Remel R 30,852,701; 

Thermo Fisher, Waltham, MA, USA) was added to stimulate 

mitotic division.15 Forty-four hours later, cytochalasin-B 

(C6762; Sigma-Aldrich, St. Louis, MO, USA) was added to 

the cultures to capture cells at the binucleated stage (i.e., 

after completion of one nuclear division).15 Next, cytocha-

lasin-B was added and 28 hours later the cells were har-

vested using a cyto-centrifuge (Thermo cytospin4; Thermo 

Fisher), fixed in methanol, and stained with Hemacolor® 

(111,661; Merck, Kenilworth, NJ, USA).

After staining, the frequencies of MNi, NPBs, and Nbuds 

per 1,000 binucleated cells (BNCs) were evaluated under a 

light microscope (×100 magnification) according to estab-

lished scoring criteria.12,16,17 Two examiners scored each sam-

ple twice and were blinded according to Fenech’s criteria. 

The coefficient of variation between the duplicates was 

11.8±8.2, and that between the two scorers was 8.8±3.4. 

The average frequencies of MNi, NPBs, and Nbuds per 1,000 

BNCs were calculated.12,16,17 The nuclear division index was 

determined from the scores of 500 BNCs using the formula: 

nuclear division index=(M1+2M2+3M3+4M4)/N, where 

M1~M4 is the number of cells with 1~4 nuclei and N is 

the total number of viable cells scored (excluding necrotic 
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Table 1. Clinical Characteristics of the Subjects

PPI long-term users 
(n=10)

Controls 
(n=40)

Male/female 3/7 25/15

Age (years) 58.0 36.3

BMI 23.6±3.2 22.8±3.8

Duration of PPI use 
(months)

  12~18 6 (60.0)

  19~24 2 (20.0)

  >25 2 (20.0)

Reasons for PPI use

  Reflux disease 10 (100.0)

Values are presented as mean±standard deviation or n (%).
PPI, proton pump inhibitor; BMI, body mass index.

Table 2. Pyridoxine, Folate, Cobalamin, and Homocysteine Levels in the Subjects 

PPI long-term users (n=10) Controls (n=40) P-value

Pyridoxine (nmol/L) 58.5 (42.2~51.9) 61.7 (41.7~82.9) 0.9

Folate (ng/mL) 7.5 (5.3~12.2) 6 (4.6~8.4) 0.2

Cobalamin (pg/mL)   645.3 (438.3~792.5)  529.1 (408.6~699.6) 0.4

Homocysteine (umol/L) 8.9 (8.2~10.5) 10.5 (8.4~12.4) 0.2

Values are presented as median (interquartile range).
PPI, proton pump inhibitor.

Table 3. Cytokinesis-block Micronucleus Cytome Assay Score according to Proton Pump Inhibitor Use

PPI long-term users (n=10) Control (n=40) P-value

MNi   30.3 (21.2~31.9)   16.3 (12.3~32.5) 0.003

NPBs 2.5 (2.2~2.6) 1.8 (1.0~2.7) 0.01

Nbuds 9.3 (9.2~9.3) 5.0 (4.5~8.2) 0.2

Values are presented as median (range).
PPI, proton pump inhibitor; MNi, micronuclei; NPBs, nucleoplasmic bridges; Nbuds, nuclear buds.

and apoptotic cells).12,16,17

4. Statistical analysis

We used SPSS software version 20.0 (IBM Corp., Armonk, 

NY, USA) for data analysis. Categorical variables were ex-

pressed as frequencies and percentages and were compared 

by Fisher’s exact test. Non-parametric data were presented 

as medians with interquartile ranges and were analyzed by 

the Mann-Whitney or Kruskal-Wallis test. To identify sig-

nificant differences between the groups, non-parametric 

categorical variables were analyzed by Mann-Whitney test. 

A linear regression model was used to analyze the relation-

ship between genomic damage (CBMN-Cyt assay scores) 

and the independent variables (age, sex, BMI, and levels of 

pyridoxine, folate, cobalamin, and homocysteine. A value 

of P<0.05 was considered indicative of significance.

RESULTS

1. Baseline characteristics

Ten consecutive long-term PPI users and 40 healthy con-

trols were analyzed; their clinical characteristics were shown 

in Table 1. All of the long-term PPI users were being treated 

for reflux esophageal disorders. Four (40%) of the long-term 

PPI users had been on PPIs for >19 months.

2. Serum levels of pyridoxine, folate, cobalamin, 
and homocysteine

There were no significant differences between the 

long-term PPI users and healthy controls in the serum 

levels of pyridoxine, folate, cobalamin, and homocysteine 

(Table 2).
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Table 4. Univariate and Multivariate Analyses of Micronuclei and Genomic Damage-associated Factors

Univariate analysis Multivariate analysis

Estimate SE P-value Estimate SE P-value

Age (years) 0.4 0.07 <0.001 8.4 3.5 0.02

Male 8.8 3.0 0.005 3.7 2.8 0.2

BMI -0.002 0.6 0.9 -0.4 0.4 0.3

PPI long-term use 10.7 3.7 0.006 14.1 3.4 <0.001

Pyridoxine (nmol/L) 0.06 0.03 0.03 0.007 0.02 0.8

Folate (ng/mL) 1.6 0.6 <0.001 1.4 0.5 0.01

Cobalamin (pg/mL) 0.01 0.006 0.04 -0.009 0.008 0.2

Homocysteine (μmol/L) -0.4 0.6 0.5 0.7 0.5 0.2

SE, standard error; BMI, body mass index; PPI, proton pump inhibitor. 
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Fig. 1. Average micronuclei (MNi) in 1,000 binucleated cells (BNCs).
PPI, proton pump inhibitor.

3. Frequencies of BNCs with MNi, NPBs, and 
Nbuds

The frequencies of BNCs with MNi were significantly 

higher in the long-term PPI users than in the controls 

(30.3 [21.2~31.9] vs. 16.3 [12.3~32.5]; P=0.003), as were 

the frequencies of BNCs with NPBs (2.5 [2.2~2.6] vs. 1.8 

[1.0~2.7]; P=0.01). The long-term PPI users showed high-

er frequencies of BNCs with Nbuds than the controls but 

statistically insignificant (9.3 [9.2~9.3] vs. 5.0 [4.5~8.2]; 

P=0.2) (Table 3).

4. Univariate and multivariate analyses

In univariate analysis, long-term PPI use was statisti-

cally significantly associated with the increased frequen-

cies of MNi, NPBs and Nbuds. Increased frequencies of 

MNi were significantly associated with PPI long-term use 

after adjusting the level of the age, male, BMI, and vita-

min levels (OR 14.1, P<0.001) (Fig. 1 and Table 4). Also 

in NPBs, the increased frequencies of the NPBs were as-

sociated with PPI long-term use even after adjusting the 

demographic factors including age, gender, BMI, and vita-

min level including pyridoxine, folate, cobalamine, and 

homocysteine (OR 2.0, P<0.001) (Table 5). In Nbuds, the 

increased levels of frequencies of Nbuds were associated 

with PPI long-term use (OR 1.3, P=0.3) (Table 6).

DISCUSSION

We reported that long-term PPI use was associated with 

increased frequencies of genetic damages (MNi, NPBs, and 

Nbuds). The association between long-term PPI use and 

genotoxicity retained its significance after adjustment for 

possible confounding factors. To our knowledge, this is the 

first study to evaluate the genotoxicity of long-term use of 

PPIs by CBMN-Cyt assay using human PBLs.

The multi-endpoint CBMN-Cyt assay enables assessment 

of genotoxicity and DNA dpamage.9 In this study we used 

three biomarkers (MNi, NPBs, and Nbuds) to assess the geno-

toxicity of long-term PPI use. Abnormal levels of MNi, NPBs, 

and Nbuds in PBLs were indicative of genetic instability. 
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Table 5. Univariate and Multivariate Analyses of Nucleoplasmic Bridges and Genomic Damage-associated Factors

Univariate analysis Multivariate analysis

Estimate SE P-value Estimate SE P-value

Age (years) 0.04 0.007 <0.001 0.06 0.3 0.8

Male 0.6 0.3 0.04 0.04 0.5 0.9

BMI 0.02 0.07 0.8 -0.03 0.06 0.6

PPI long-term use 1.0 0.4 0.008 2.0 0.5 <0.001

Pyridoxine (nmol/L) -0.005 0.003 0.08 -0.005 0.003 0.1

Folate (ng/mL) 0.01 0.05 0.8 -0.1 0.06 0.3

Cobalamin (pg/mL) 3.1 0.001 0.9 0.001 0.001 0.5

Homocysteine (μmol/L) -0.09 0.07 0.2 -0.02 0.07 0.8

SE, standard error; BMI, body mass index; PPI, proton pump inhibitor. 

Table 6. Univariate and Multivariate Analyses of Nuclear Buds and Genomic Damage-associated Factors 

Univariate analysis Multivariate analysis

Estimate SE P-value Estimate SE P-value

Age (years) 0.08 0.02 <0.001 -0.4 1.1 0.7

Male 1.6 0.8 0.04 -0.4 1.1 0.8

BMI 0.02 0.1 0.9 -0.005 0.1 0.9

PPI long-term use 0.8 1.0 0.4 1.3 1.1 0.3

Pyridoxine (nmol/L) 0.006 0.006 0.4 -0.002 0.008 0.8

Folate (ng/mL) 0.3 0.09 0.005 0.2 0.2 0.2

Cobalamin (pg/mL) 0.002 0.002 0.2 -0.001 0.003 0.8

Homocysteine (μmol/L) -0.3 0.1 0.03 -0.2 0.2 0.3

SE, standard error; BMI, body mass index; PPI, proton pump inhibitor. 

Age,11,18 gender,18 smoking status,18,19 vitamin status,19 sea-

sonal variations,15 lifestyle factors,15,18,20 drugs and transition 

metals,21 and occupational and environmental exposure to 

genotoxic substances11,22 has been associated with an in-

creased risk of genotoxicity. Also, a variety of diseases,11,22-24 

including Down syndrome, congenital anomalies, aplastic 

anemia, and solid cancers (e.g., breast cancers) has been 

associated with genomic instability.22,25 Therefore, we eval-

uated the aforementioned factors to assess the genotoxicity 

of long-term PPI use, and included only patients with no 

previous medical or drug history within 2 years.

Increased frequencies of MNi, NPBs, and Nbuds, used as 

markers of carcinogenic events, are associated with an in-

creased risk of cancer.9 Genotoxicity is associated with an 

increased risk of carcinogenesis.11,23 El-Zein et al.11 reported 

that increased genotoxicity was associated with the develop-

ment of lung cancer (area under the curve for lung cancer, 

0.979; 95% CI, 0.959~0.990).11,23 Based on these reports, pa-

tients with abnormal CBMN-Cyt assay findings should be 

carefully monitored during follow-up.

There have been several reports pertaining to the associ-

ation of long-term PPI use and increased risk of cancer de-

velopment in clinical studies. Chien et al.7 reported that 

PPIs were associated with an increased risk of periampul-

lary cancer in a dose- and duration-dependent manner (OR, 

1.35 [95% CI, 1.16~1.57]). Chu et al.26 reported that PPI use 

was associated with decreased risk of progression free 

survival and overall survival in patients with capecitabine 

treatment in advanced gastroesophageal cancer as a 

randomized clinical trial (progression free survival, hazard 

ratio: 1.55, P<0.001; overall survival, hazard ratio: 1.41, 

P<0.001). Sun et al.24 showed that concomitant admin-

istration of PPIs and capecitabine was associated with an 

increased risk of recurrence of early colorectal cancer (OR 
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1.89, P=0.03). However, the mechanisms underlying the as-

sociation between PPI use and carcinogenesis or poor can-

cer-related outcomes are unclear. Although our study did 

not determine the association of long-term PPI use with 

clinical outcomes, genetic instability might be associated 

with the side effects associated with such in long-term use.

This study had several limitations. First, it involved only 

one tertiary center and included a small population, 

which may have resulted in referral bias. Because we in-

cluded only patients with no medical or drug history for 

2 years, the inclusion criteria were robust; however, this 

precluded enrollment of a larger number of subjects. 

Nevertheless, the long-term users of PPIs exhibited great-

er genotoxicity (larger numbers of MNi, NPBs, and Nbuds) 

than the healthy controls. Second, another concern in this 

study is the selection bias. While PPI users were enrolled 

among the patients who visited the gastroenterology out-

patient clinic of a tertiary hospital, control groups were 

enrolled among those who visited the hospital for a 

health check-up. Even if we had every effort to avoid the 

bias adjusting for confounders, biases might be issue in 

this study. Third, we showed not the causal relationship 

but the associations between the genotoxicity and the 

long-term PPI use. Further larger and long-term pro-

spective studies are needed. Fourth, we analyzed only 

Asian patients, so the conclusions cannot be generalized 

to other ethnic groups. Fifth, in this study, we did not 

show the implications of the genotoxicity induced by the 

long-term PPI use. Even though genotoxicity has been 

known to be related with diversity of diseases, the direct 

relations with the genotoxicity related with long-term PPI 

use should be further studied.

Despite of the aforementioned limitations, this is the first 

study to reveal the association between genotoxicity and the 

long-term PPI use. Since, PPIs are generally regarded as the 

‘safe medications’ among patients and some physicians, they 

are sometimes improperly long-term used. This study might 

make physicians to care patients on PPIs with cautions, and 

further large and prospective long-term follow-up study is 

needed to robust our results.

In conclusion, we delineated that long-term PPI use 

might be associated with increased risk of genotoxicity. 

Even though further larger-scale study is needed to robust 

our results, physicians should be careful in inappropriate 

use of PPI.
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