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Abstract

Energy drinks (ED) are becoming increasingly popular, but little has been reported about their stomach
effects. To our knowledge, there is no literature suggesting an association with the development of atrophic
gastritis (AG) or gastric intestinal metaplasia (GIM). AG and GIM have been associated with an increased risk
of gastric cancer. Reversal of these lesions has shown to reduce the incidence of gastric cancer but has only
been studied to eradicate Helicobacter pylori. This case describes a female who consumed high amounts of
ED and was subsequently diagnosed with AG and GIM. Interestingly, the pathologies resolved upon
cessation of ED.
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Introduction

Gastric cancer is the fifth most common cancer globally and the third leading cause of cancer-related
mortality. Atrophic gastritis (AG) and Gastric intestinal metaplasia (GIM) have an increased risk of
developing into gastric cancer by following the gastric carcinogenesis pathways [1]. Reversal of AG and GIM
has shown to reduce the incidence of gastric cancer. However, it has only been studied to eradicate the most
common cause, Helicobacter pylori (H. pylori) [2-3]. We present AG and GIM's case involving a 34-year-old
Hispanic female regularly consuming energy drinks (ED) since 2003 with subsequent reversal of AG and GIM
upon cessation of ED. This is the first case report describing ED as a possible risk factor for AG and GIM
development.

Case Presentation

A 34-year-old Hispanic female presented with two different types of abdomen pain for more than a year. The
first pain was in the epigastric area and was associated with dyspepsia. The second one was in the right
upper quadrant and was colicky. No abnormality of the gallbladder or the biliary tract was found when the
patient underwent abdominal ultrasonography and contrast-enhanced magnetic resonance
cholangiopancreatography (MRCP). On an esophagogastroduodenoscopy (EGD), the stomach appeared
atrophic raising suspicion of intestinal metaplasia. Biopsies taken from the stomach revealed AG and focal
antral intestinal metaplasia (Figure I). H. pylori immunostaining was negative. The patient had normal
levels of iron, vitamin B12, methylmalonic acid, gastrin, intrinsic factor blocking antibody, and parietal cell
antibody. The patient reportedly consumed alcohol occasionally a few times per year and had never smoked
in her lifetime. On further questioning, she reported a regular intake of 1-2 ED/day, namely Red Bull® and
Monster Energy® for the past 15 years. The patient was hence advised to stop consuming ED, and her
dyspepsia was treated with intermittent proton pump inhibitors for the next two years. Surveillance EGD 2
years after the initial diagnosis revealed normal-appearing gastric mucosa. Gastric topographic mapping
biopsies using Sydney protocol revealed normal mucosa (Figure 2). These findings implicated the reversal of
AG and GIM upon withdrawal of ED.
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FIGURE 1: Antral mucosa with changes of reactive gastropathy and
atrophy. Intestinal metaplasia, characterized by goblet cells, is seen
within the mid-left portion of the image.

FIGURE 2: Normal antral mucosa. No reactive changes or intestinal
metaplasia present.

Discussion

In the study conducted by Sonnenberg A et al. using biopsies from upper endoscopies between 2008 and
2013, the overall prevalence of GIM was 4.9% [4]. Since chronic AG is frequently asymptomatic, its
prevalence is not known [5] Chronic H. pylori infection is the most common etiologic factor identified in the
development of AG and GIM, followed by Autoimmune Metaplastic Atrophic Gastritis (AMAG). The
worldwide prevalence of H. pylori is approximately 50%, and approximately 35%-40% in the United

States [6]. In a study done by Shiota S et al. at VA Medical Center, it was found that out of all patients with
gastritis, approximately 18% of the patients had H. pylori-negative gastritis [7].

On the other hand, the prevalence of AMAG is only 2% in the general population [8]. Therefore, the
prevalence of H. pylori-negative gastritis far outnumbers AMAG, making us think that there must be other
causes than the two established ones. According to recent studies, factors like smoking and diet play an
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important role in AG's pathogenesis. Smoking has been shown to promote AG and GIM, but the relationship
has been established only in H. pylori-positive patients [9]. High salt intake has also shown to be associated
with increased risk of AG [10].

On the other hand, moderate alcohol intake has been inversely associated with AG suggested by the
facilitation of elimination of H. pylori through the antibacterial action of alcohol [11]. Our patient has never
smoked in her lifetime and consumes a low salt diet, ruling out the role of smoking and high salt diet in the
development of her gastric pathologies. However, her long history of regular consumption of ED suggests
that these could be another dietary factor involved in AG and GIM's pathogenesis.

A study performed to examine the effects of Power Horse® ED on Albino rats' stomach, and pancreas showed
evidence of Power Horse-induced oxidant-antioxidant imbalance, degenerative changes, and increased
apoptosis in the fundic mucosa of the stomach of the rats [12]. The fundic mucosa showed reduced parietal
cells and gastrin hormone expression compared to the control group [12]. Another study done by Raeesa A.
Mohamed et al. on adult Wistar rats demonstrated marked depletion of mucus secretion in the mucosae of
stomach and duodenum of Red Bull group with a significant increase of apoptotic cells in the mucosae of
stomach and duodenum [13]. Unfortunately, no data is describing the effects of ED on the mucosa of the
human stomach. The only gastrointestinal (GI) adverse effects reported in humans include nausea, vomiting
and diarrhoea [14].

All ED share ingredients constitute caffeine, carbonated water, glucose, sucrose, citric acid, sodium citrate,
taurine, B vitamins (B2, B3, B5, B6, B12) natural or artificial flavours. Power Horse also contains inositol and
glucuronolactone, both found in Monster ED but not in Red Bull. Red bull differs from Power horse as it
contains acidity regulators such as Sodium Bicarbonate and magnesium carbonate. On the other hand,
Monster ED differs from Power horse as the former contains additional amino acids (L-carnitine),
preservatives (sorbic acid, benzoic acid), plant extracts (guarana seed extract, Panax ginseng root extract)
and sucralose. GI side effects described with caffeine include increased gastric acid production, gastro-
oesophagal reflux, decreased absorption and impaired motility [15], but data regarding these are conflicting
and inconclusive. Several studies have also shown that these side effects might be due to the other
ingredients present in caffeine-containing drinks rather than caffeine itself [16]. Sodium Citrate ingestion
has been shown to cause nausea, bloating, vomiting and diarrhoea [17]. The rest of the ingredients,
individually, have not been reported to cause any GI adverse effects. None of the ingredients, however, have
been associated with the development of AG or GIM.

The reversibility of AG and GIM, till now, has been documented only with the eradication of H. pylori [3].
Substances like muscovite, folic acid and gefarnate may also be useful in reversing AG and GIM [18-20].
Nonetheless, there is no known literature suggesting reversibility of the lesions with the cessation of energy
drinks.

Conclusions

Energy drink discontinuation in our patient led to the reversal of her gastric pathology showing
environmental factors could play a critical role in gastric dysplasia. Prompt recognition and lifestyle
modification may prevent AG, GIM, and subsequently gastric cancer. Hence we need more data about the
effects of ED to know for possible reversal of AG and GIM to minimize symptoms, surveillance, and risk of
gastric cancer. Additional research is also warranted on what particular ingredient(s) in ED, at what
concentration, and what duration, could lead to the development of the observed findings.

Additional Information
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submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.
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