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Abstract
Esomeprazole; a newly introduced PPI has been widely prescribed by healthcare providers due to its improved pharmacokinetic 
profile. Most users could have other diseases and the PPIs are indicated as acid-suppressor to minimize gastric side effects of poly-
pharmacy. A high percentage of users could suffer from cardiovascular diseases and lipid dysmetabolism. Hence, this study was de-
signed to determine the impact of long-term use of esomeprazole on lipid profile in a normal subject other than having peptic ulcer 
for which esomeprazole has been indicated. Results confirmed that esomeprazole reduced triglyceride and HDL levels and elevated 
total cholesterol level and correspondingly LDL level was elevated, however, no effect was noticed with VLDL. To sum up, esomepra-
zole impaired lipid metabolism in apparently normal healthy individuals apart from having peptic ulcer for which the esomeprazole 
was indicated, this finding rise a caution during prescribing esomeprazole for the patient with multiple diseases and polypharmacy 
including cardiovascular ailments.
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Introduction

Tissue injury due to whatever stress-inducers might result 
of a bi-armed injury; oxidative stress and inflammation 
(Shiraev and Bullen 2018). The production of free radicals 
and exhaustion of local antioxidant micronutrients in the 
battle zone demonstrating oxidative burden on the local 
environment resulting in progression of tissue injury and 
further advancement of the disease status (Wetscher et al. 
1995; Drake et al. 1998). It has been confirmed that inte-
stinal infection with Helicobacter pylori is associated with 
a storm of free radical production and a laboratory test of 
a patient with gastritis revealed increased radioactivity at 
gastric lumen using chemiluminescent reagent indicating 

free radical accumulation and the study has confirmed that 
the luminescence activity decreased following bacterial era-
dication (Drake et al. 1998). Additionally, in vitro studies 
confirmed that Helicobacter pylori reduced glutathione le-
vel significantly confirming that Helicobacter pylori contri-
bute to overall local oxidative stress (Wetscher et al. 1995).

Acid suppression strategy is a cornerstone for pep-
tic ulcer management together with antibiotics used to 
eradicate bacterial gastritis (Aamir and Ali 2019). How-
ever, some of these agents are preferred over others, 
due to their efficacy or safety profile (Koch et al. 2004; 
Shiraev and Bullen 2018). For instance, PPIs are pre-
scribed favorably due to their efficacy over H2-block-
er or acid-neutralizing capacity. Moreover, new studies 
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confirmed that PPIs demonstrate a higher healing rate 
and reduced recurrence chances compared to other ac-
id-counteracting agents (Huang and Hunt 1996; Farley et 
al. 2000). Nonetheless, a combination with antibacterial 
agents should be fulfilled regardless of the acid-suppress-
ing regimen used (Huang and Hunt 1996; Almulathanon 
et al. 2021).

PPIs are the most commonly prescribed acid-suppress-
ing agent in private clinics and hospital settings (Heidel-
baugh et al. 2012; Arora et al. 2016). The group consist 
of 5 members, these include, omeprazole (prototype), 
lansoprazole, esomeprazole, rabiprazole, and pantopra-
zole (Aamir and Ali 2019). They are sharing the mode of 
action through blocking the proton pump (H/K-ATPase 
enzyme) and thereby blocking HCL secretion (Koch et al. 
2004). They are used for peptic ulcers, Drug- or stress-in-
duced ulcers (Ji et al. 2012; Aamir and Ali 2019). Upon 
introduction to the market, their use has quickly built up 
over few years. The initially reported adverse effect pro-
file was tolerable, nevertheless, later on, the reported side 
effects extended to include nephrotoxicity due to precip-
itation of insoluble parent drugs and/or their metabolite 
(Aronson 2016; Xie et al. 2017; Morschel et al. 2018), 
moreover, PPIs side effects on the heart has been reported 
with lacking explanation of the mode of action (Koch et 
al. 2004). Herein, we are trying to demonstrate the effect 
of esomeprazole on lipid parameters if any. These types of 
studies could clarify the mechanism of side effects on the 
cardiovascular system.

Materials and methods

To conduct this study, patients using esomeprazole were 
recruited from outpatients clinic and following careful 
examination and medical history, only those patients 
with clear medical records of no history of chronic disea-
ses were enrolled in the study. A total of 55 subjects (29 
apparently control healthy and 26 peptic ulcer patients) 
were recruited from outpatients clinics and enrolled in 
the present study. For patients with ulcer to be included 
in the study, should be healthy from systemic diseases 
except for ulcer and should be on esomeprazole conti-
nuously for at least 2 months (40 mg per day; Nexium, 
AstraZeneca, UK). Pregnant women, lactating mothers, 
and patients with any sort of chronic diseases were ex-
cluded from the study or those patients with polyphar-
macy. The demographic parameters are mentioned be-
low (Table 1). A consent of agreement has been taken 
from all patients.

For laboratory tests, venous blood was withdrawn 
from 10-hour fasting patients and control subjects. 
Blood was centrifuged and serum collected and froze 
for laboratory analysis. Upon analysis, frozen samples 
were thawed and analyzed. The analysis was performed 
using enzymatic methods (Cobas 6000, Roche-Diagnos-
tic, Swiss) measuring TC, TG, and HDL-c. Initially, the 
serum samples were primed with magnesium and phos-
photungstic acid to precipitate all the present compo-
nents in plasma except TC-associated lipoproteins. This 
step was then followed by an enzymatic reaction produc-
ing formazan dye. The concentration of TC is recipro-
cal to the intensity of the dye produced which has been 
quantified spectrophotometrically.

Triglyceride measurement was done based on the 
above-mentioned enzymatic reaction. The intensity of 
formazan dye is reciprocally proportional to the glyc-
erol produced from the hydrolysis of TG according to 
the manufacture’s instruction. To calculate LDL, the 
Friedewald formula (LDL = TC - HDL – TG/5) was used. 
vLDL and non-HDL are automatically calculated by Co-
bas6000 instrument.

Similarly, cholesterol was measured following man-
ufacturer instruction, serum samples were treated with 
PBS and the cholesterol in these samples was de-esterified 
enzymatically to cholesterol and free fatty acids. The re-
sultant cholesterol was then oxidized to cholestenone by 
cholesterol dehydrogenase catalyzed by nicotinamide-ad-
enine dinucleotide (NAD). Cholestenone reduced to for-
mazan dye by diaphorase enzyme and NADH by redox 
reactions and the formazan dye intensity reciprocally cor-
relates to cholesterol present in the samples (Fig. 1).

Results and discussion
The present study confirmed that long-term use of esomepra-
zole has resulted in impairment of lipid metabolism in peptic 
ulcer patients. The result showed that using esomeprazole in 
an apparently healthy individual (free from systemic disea-
ses) has led to a significant (p < 0.001) reduction of plasma 
levels (mg/dl) of TG and HDL(97.21±41.72; 36.43±10.02) as 
compared to the control group (165.42±24.56; 96.31±22.84) 
alongside significant (p < 0.001) elevation of TC in es-
omeprazole group (158.07±42.04) compared to control 
group(117.19±37.68) (Fig. 2).

Correspondingly, the calculated parameters were recip-
rocally changed. Esomeprazole showed no effect on vLDL, 
however, it has significantly (p < 0.001) elevated LDL and 

Table 1. Demographic parameters for the studied groups.

Parameters Studied Group (n = 55)
Control (n = 29) Esomeprazole (n = 26)

Age (years) 41.54±11.05 35.14±16.6
Weight (kg) 70.04±5.16 65.28±13.06
Duration of treatment – 2 months
Gender (Male/Female) 17/12 13/13

Figure 1. Steps of cholesterol redox reaction for quantification.
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non-HDL (102.34±35.38; 121.64±32.02) as compared to 
the control group (44.58±13.87; 20.88±14.84) (Fig. 3).

Previous studies focused on the safety profile of PPIs 
were reported increased morbidity and mortality in pa-
tients using PPIs, nevertheless, these studies were relating 
such actions to the interaction between PPIs and clopi-
dogrel (antiplatelet agent) (Focks et al. 2013; Shiraev and 
Bullen 2018). Clopidogrel is structurally thioenopyri-
dine, it binds to platelet surface receptor (P2Y12-recep-
tor) preventing platelet aggregation (Shiraev and Bullen 
2018); an action of highly importance in vascular diseas-
es. The activation of clopidogrel is done in a liver enzyme 
(CYP2C19) resulting in the bioactivation of 15% of the 
administered dose, however, this hepatic metabolism in 
the liver is a sharing pathway involved in the catabolism 
of other drugs, including PPIs (Dean 2012). Therefore, a 
competition between PPIs and clopidogrel on enzyme has 
associated with reduced activation of clopidogrel increas-
ing the cardiovascular risk of stroke. This explanation 
were previously dependent by researchers to clarify the 
increased morbidity and mortality rate associated with us-
ing PPIs in patients already on clopidogrel therapy (Focks 

et al. 2013), therefore, it was recommended to shift those 
patients to use either pantoprazole or H2-blockers for a 
gastric problem to avoid such interaction; pantoprazole 
is the only PPIs which doesn’t involve in such interaction 
(Shiraev and Bullen 2018).

The above explanation was declined following demon-
stration of the same problem of PPIs use in inpatient with 
cardiovascular disease on ticagrelor, this later drug has 
no hepatic metabolism (Goodman et al. 2012). Therefore, 
scientists were looking for an alternative explanation. This 
may further confirm that lipid metabolism might be the 
cause of these abnormalities.

A study conducted on laboratory animals by Aamir et 
al. 2019 (Aamir and Ali 2019), screening the effect of PPIs 
(omeprazole, esomeprazole, and pantoprazole) on lipid 
dysmetabolism. The researcher has demonstrated that these 
PPIs significantly reduced HDL and elevated TC and TG, 
an action which is in the line with our result apart from TG 
showing reverse effects with our study (Fig. 4). This study 
was conducted on a healthy animal which means that PPIs 
impair lipid metabolism in normal healthy subjects.

Nevertheless, the explanation is still incomplete and 
further investigation is required to confirm the responsi-
ble enzymes or pathways about such effects. A separate 
study done by Ghebremariam et al. 2013 (Ghebremari-
am et al. 2013), demonstrated an impaired action of en-
zymes responsible for NO production resulting in loss of 
natural control of vascular contractility and consequent-
ly might be responsible for cardiac events associate with 
PPIs (Fig. 4). Correspondingly, Yepuri et al. 2016 (Yepuri 
et al. 2016), has reported that PPIs modulated lysosomal 
enzyme responsible for regulation of waste product catab-
olism; an action which is associated with vascular events.

Albeit that PPIs have modulated lipid in our study, the 
boundaries of action are still unclear and further detailed 
studies are to be initiated. In contrast to our findings, few 
researchers have confirmed that using PPIs has improved 
glycemic control and they explained that in term of modu-
lated plasma gastrin level following administration of PPIs 
(Crouch et al. 2012; Takebayashi 2015), additionally, a ret-
rospective study conducted by Barkas et al. 2015 (Barkas 
et al. 2015), revealed that PPIs boosted the hypolipidemic 
action of statins and esomeprazole was part of the study. 
The researcher has explained that in term of the ability of 

Figure 2. Esomeprazole impaired lipid metabolism in patients 
with peptic ulcer. Esomeprazole significantly decreased TG and 
HDL and significantly elevated TC. Data expressed as mean±SD, 
p < 0.001, TG = triglycerides, TC = total cholesterol, HDL = high 
density lipoprotein.

Figure 3. Esomeprazole modulated calculated hyperlipidemic 
indicators in patients with peptic ulcers. Esomeprazole signifi-
cantly elevated LDL and non-HDL and has non-significant ef-
fects on vLDL. Data expressed as mean±SD, p < 0.001, LDL = 
Low density lipoprotein, vLDL = very low-density lipoprotein, 
non-HDL = non-high density lipoprotein.

Figure 4. Mechanism of PPIs modulated vasculature.
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PPIs in modest suppression of liver enzyme (CYP3A4) 
apart from esomeprazole and omeprazole considered as 
strong inhibitors of CYP2C19; taking into consideration 
that the study has shown no changes in liver enzyme so as 
not to be involved as a contributory parameter. This vari-
ation together with structural variation might explain the 
differences between PPIs (Fig. 5).

Conclusion
The present study concluded that esomeprazole use im-
paired lipid metabolism by demonstrating modulated 
lipid parameters. These findings ensure using alternative 
safer PPIs than esomeprazole with lower lipid interaction 
to avoid precipitation of hyperlipidemia or accentuate the 
condition if hypercholesterolemia already present. We do 
recommend lipid profile tests for all high-risk patients to 
exclude those with impaired lipid values from esomepra-
zole indication.
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