
Obesity is a chronic inflammatory disease characterized by the excessive accumulation of adipose tissue, which commonly results in adverse metabolic, 

biochemical, and psychosocial health consequences (CDC, 2021). While body composition can be computed through various methods, the most widespread measure of 

obesity involves determination of Body Mass Index (BMI). BMI calculations take into account weight, in kilograms, in relation to the square of height, in meters. According 

to the World Health Organization (WHO), for adults 20 years old and older, there are four standard classifications which BMI can be divided into: underweight (<18.5), 

normal range (18.5-24.9), overweight (≥25.0), and obese (≥30.0) (2021). Generally, BMI is used by healthcare providers as a determinant of health risk1. The higher the 

BMI, the higher the risk of developing obesity-related comorbidities such as cardiovascular complications, type II diabetes mellitus, sleep apnea, osteoarthritis, chronic 

inflammation, and certain cancers (CDC, 2021). 

The increased propensity for chronic disease development due to obesity leads to decreased health outcomes and 

decreased overall quality of life. It is estimated that approximately 45% of the United States population suffers from at least 

one chronic disease. Consequently, the cost of caring for aging, obese populations with serious comorbidities places a 

significant economic burden on both the U.S. health system and global health-care system as a whole. In 2014 alone, the 

global economic impact of obesity, in regard to health care expenditure, was estimated at $2 trillion USD or 2.8% of the 

global gross domestic product (Raghupathi, W. and Raghupathi, V., 2018). Past studies have shown that U.S. obesity-related 

healthcare costs have been on the rise, increasing from $212.2 billion to $315.8 billion (an increase of 48.7%) between 

2005 and 2010 (Biener et al., 2017). Obesity further imposes additional costs in terms of forgone economic growth and 

lower workforce efficiency and productivity, such as missed days of work due to illness and permanent disability (Tremmel

et al, 2017). 

The Individual Impact with Obesity

Obesity-related comorbidities include non-communicable diseases, such as metabolic disorders, depression, cardiovascular disease, stroke, type II diabetes mellitus, gallbladder disease, musculoskeletal issues (osteoarthritis), gastrointestinal 

disease, respiratory issues, and several forms of cancers (breast, endometrial, thyroid, ovarian, pancreatic, kidney, liver, gallbladder, stomach, colon, esophageal) (WHO, 2021).  

Dietary changes and the consumption of high-fat, energy-dense foods serve as risk factors for obesity due to their systemic effect on metabolic interactions. For the purposes of this review, it should be noted that E-D diets include diets that are 

high in fat, sucrose or carbohydrates, and caloric intake. Evidence indicates that high-fat diet (HFD) consumption correlates with dynamic metabonomic changes in the blood plasma, liver, and urine samples of rats involving multiple metabolic 

pathways. For example, HFD intake has been shown to reduce the polyunsaturated fatty acids (PUFA) to monounsaturated fatty acids (MUFA) ratio in both blood plasma and liver, indicating that HFD intake induced oxidative stress. Furthermore, these 

alterations in HFD-induced metabolic variations demonstrated dependence on intake duration, and variations were experimentally detectable in rat urine as rapidly as one week after onset of HFD intake (An et al., 2013).    

Similarly, HFD exposure in humans has been shown to alter nervous innervation of the 

gastrointestinal (GI) tract and result in morphological modifications of the GI tract, by damaging 

endothelial cells in the esophagus. Changes in esophagus morphology and the metabolic effects 

induced by E-D diets, however, are still under investigation. Review of research literature has 

substantiated the finding that diets high in fat or caloric content induce chronic, low-grade 

inflammation in the body (Raghupathi, W. and Raghupathi, V., 2018). Ultimately, obesity leads to 

decreased health outcomes over the long-term. From a clinical perspective, obesity has been linked 

to various adverse health conditions including gastroesophageal reflux disease (GERD), which is 

known to cause inflammatory-mediated damage in the esophagus (Hampel et al., 2005). 

Figure 2: Trends in adult obesity prevalence in the United States between 1960 – 2014 based on survey data collected from the 
National Health and Nutrition Examination Surveys (NHNES). Graphical depiction of the dramatic rise in obesity prevalence among 
the U.S. adult population. Between 1960-1962, the obesity prevalence was <15%, and since then, the rate has nearly tripled, 
increasing to 38.2% between 2013-2014.

Gastroesophageal reflux disease or GERD is a digestive disorder involving the backflow of gastric acid from the stomach up past the lower esophageal sphincter (LES) into the esophagus causing irritation of the esophageal lining 

(Figure 7-right panel) (Mayo, 2020).  In normal, healthy individuals, the LES functions like a “trapdoor,” allowing food to pass through into the stomach and also preventing the backflow of corrosive gastric acid into the esophagus 

(Figure 7, left panel) (Mayo, 2020). Normally, esophageal defense mechanisms protect against injury through the esophageal acid clearance and mucosal resistance. Esophageal acid clearance occurs after reflux to assist with the 

removal of the bolus and acidity of the refluxate (Orlando, 2006).  The LES plays a crucial role in esophageal acid clearance since impaired sphincter relaxation results in delayed esophageal clearance (Orlando, 2006). Unsurprisingly, 

transient LES relaxations, which are triggered by gastric distension, appear to be a key physiological cause of GERD (Kuo and Urma, 2006). While pre-epithelial, epithelial, and post-epithelial defenses usually prevent damage to the 

esophageal mucosa, these protections may be compromised in individuals with GERD. Long-term exposure to this highly corrosive gastric acid results in weakening of LES closure and greater damage to epithelial lining in GERD-afflicted 

individuals. Excessive reflux may also be initiated and exacerbated by impaired esophageal clearance mechanisms. As a result, GERD has been found to cause increased esophageal acid exposure and increased risk of esophageal injury 

or damage (Boeckzstaens, 2007). 

Previous studies have indicated that HFD intake is casually associated with increased frequency of reflux symptoms and greater esophageal acid exposure (Fox et al., 2007). Weakening of the LES is common in GERD-afflicted individuals (Lenglinger et al., 2006). 

Essentially, the LES functions similar to a “trapdoor,” allowing food to pass through into the stomach and preventing backflow of gastric acid into the esophagus (Kahrilas, 2008). A weakened LES leads to decreased closure of the esophagus during contraction, thus 

allowing reflux of gastric acid up into the esophagus (U.S. Department of Health and Human Services). This mechanism is supported by studies which showed an association between HFD-induced GERD and increased esophageal acid exposure (de Vries et al., 2008). In 

turn, greater exposure to gastric acid is found to induce esophageal mucosal injuries and other histological changes (Takubo et al., 2005). Distortion or interruption of the normal epithelial fold pattern has been previously documented in humans presenting with 

esophagitis or GERD symptoms although currently the pathophysiological significance of this phenomenon is uncertain (Gohel et al., 1978). 

Motility disorders including impaired peristalsis and weakening of the LES have been found to lead to decreased clearance of acid from the esophagus (Stein et al., 1992). Increased esophageal acid exposure has been linked to distortions of morphology, 

including esophageal injury and damage to the epithelial lining (Lee et al., 2009). Studies have also shown that individuals with increased esophageal acid exposure over time are more likely to develop esophageal adenocarcinoma (Dawsey et al., 2014). Whether 

certain morphological changes are secondary to esophageal acid exposure or primary defects is not understood clearly (Kahrilas, 2008). It is likely that the answer is somewhere in the middle whereby esophageal acid exposure induces morphological changes, and in 

turn, these changes exacerbate GERD, leading to greater incidence of symptoms and contributing to the overall pathophysiological progression of GERD. 

Ultimately, these morphological changes can become irreversible. This is supported by the findings of a previous study which found that GERD in obese individuals is not reduced by weight reduction (Kjellin et al., 1996). One possible interpretation is that 

esophageal injury is occurring and further, that certain morphological changes are irreversible. However, the exact mechanism is unknown. Further study is necessary to determine whether the resulting morphological changes we observed in rats and mice are

reversible and if they serve as potential markers of GERD progression or esophagitis.

Traditionally, alteration to dietary habits is the most common suggestion for the prevention of GERD symptoms (Dawsey et al., 2014). As the results of our review suggest, E-D diets induce distortions in esophageal morphology which may serve as precursors to 

the development of GERD.  This is supported by prior studies which have found that E-D diet consumption serves as a risk factor for both obesity and esophageal injury or disease. Most studies have found that diets high in fat and added sugars are associated with 

increased GERD prevalence, Barrett’s esophagus, and potential for esophageal adenocarcinoma. Inversely, diets high in fiber and green, leafy vegetables are associated with a decrease in GERD prevalence or risk of esophageal adenocarcinoma (Dawsey et al., 2014).

The purpose of dietary changes is to reduce the frequency of reflux of gastric acid into the esophagus by avoiding consumption of foods that irritate the esophageal mucosa. Avoidance of foods high in acidity, caffeine content, or fat content is recommended for 

the prevention of GERD (Ness-Jensen et al., 2016). With obesity a growing concern and consumption of E-D diets becoming more frequent, it is important to identify potentially modifiable risk factors, such as diet, which can be altered to address the rise in obesity 

and GERD prevalence. 

Concluding Remarks

Diet-induced obesity and its associated GERD symptoms are a growing concern in the U.S. and worldwide due to increasing consumption of high-fat, E-D, and high caloric foods (WHO, 2021). In conclusion, this review provides evidence that E-D diets induce 

rapidly observable changes in esophageal morphology including thickening of the muscularis propria. Previous research has found thickening of the esophageal walls in humans to be an early stage marker of esophagitis and esophageal adenocarcinoma (Barlow, 

2011). This explanation is further supported by studies that found dietary fat intake is associated with increased likelihood of esophagitis and esophageal adenocarcinoma (O’Doherty et al., 2012). Thickened esophageal walls are always an abnormal finding in 

evaluation of esophagus anatomy, but the finding is also nonspecific as it can be seen in both malignant and nonmalignant esophagus conditions (Reinig et al., 1983). 

Another consideration it that consumption of E-D diets leads to obesity, which is associated with chronic low-grade, systemic inflammation. Prior studies have shown inflammation associated with obesity possibly changes epithelial functions (de La Serre, 2010). 

While there are many factors, e.g. genetic predisposition, early childhood factors, physical inactivity, which could potentially serve as risk factors for obesity, the present data supports E-D diets as causative of obesity and increased frequency of GERD

symptoms (Clark et al., 1994). Taking these results and prior studies into account, we conclude that E-D diets likely trigger esophageal morphological changes underlying the progression of GERD in obese individuals. It is increasingly important to identify potentially 

modifiable risk factors, such as diet, in order to minimize the risk of obesity and obesity-related complications like GERD.

GERD and Abnormalities in Esophagus Morphology

GERD-afflicted individuals have been observed to have a set of morphological and histological changes which are invariably 

reflux-associated. Examples of histological changes in esophageal mucosa include dilated intercellular spaces, intrapapillary vessel 

dilation, elongated lamina propia papillae, basal cell hyperplasia, acanthosis, intraepithelial eosinophils, Langerhans cells, and p53 

protein overexpression (Takubo et al., 2005). Distortion or interruption of the normal fold pattern can be observed in patients with 

GERD or reflux-associated esophagitis (Gohel et al., 1978). Typical GERD progression involves the gradual development of 

increasing esophagus mucosal injury although the combination of factors contributing to this are unclear. It is hypothesized that 

the increase in esophageal acid exposure due to weakening of the LES induces esophageal injury and mucosal damage (Stein et al., 

1992).

The increasing prevalence of obesity has been correlated with an increasing prevalence of GERD and metabolic syndrome (Lee et al., 2009). GERD affects an estimated 18.1%-27.8% in 

North America, and evidence suggests an increase in GERD prevalence since 1995 (Lenglinger et al., 2006). Several population-based studies have found a significant positive correlation 

between increasing BMI and the prevalence of GERD symptoms (El-Serag et al., 2005). In fact, one study showed that for every increment of BMI of 5, the risk of suffering from GERD 

increasing by 1.2 (Boeckxstaens, 2007). Furthermore, evidence suggests that obesity, which is associated with a higher likelihood of manifesting GERD symptoms, affects esophageal motility 

and increases esophageal acid exposure (Mushref and Srinivasan, 2013). 

More specifically, fatty meals have been linked to decreased LES pressure in comparison to protein meals, which were observed to increase LES pressure. In a study of 20 healthy 

individuals in the supine position, individuals who consumed high-fat meals had increased acid exposure compared to the low-fat group of participants; although, it should be noted that this 

study also found ingestion of a greater volume of food to correlate with greater esophageal acid exposure (Boeckxstaens, 2007). Another study found that the frequency of GERD symptoms, 

such as heartburn, is increased by consumption of a HFD in comparison to a low-fat diet (LFD) (Fox et al., 2007). There is conflicting evidence as to whether caloric content or fat content is a 

more important contributor to GERD symptoms and limited evidence that linking fat content and GERD outcomes (Boeckxstaens, 2007).

While lifestyle modifications, such as performance of routine physical activity and dietary modifications (diets rich in fiber and low-fat) are suggested as first-line treatment for subjects 

with GERD, the pathogenetic role of lifestyle factors and consequently, the efficacy of lifestyle measures is controversial (El-Serag et al., 2005). Obesity, in particular central obesity, plays a key 

role in determining GERD symptoms and complications through mechanical and metabolic effects. Furthermore, controlled weight loss either by dietary practices or by weight reduction 

surgery is proven effective in improving GERD symptoms. Currently, no definitive data exists regarding the role of diet and, in particular, of specific foods, in influencing GERD clinical 

manifestations (Festi et al., 2009). 

Figure 3: Prevalence of Self-Reported Obesity Among U.S. Adults by State and Territory, BRFSS, 2020 (Centers for Disease Control and Prevention).
- Obesity is defined as body mass index (BMI) ≥ 30.0; BMI was calculated from self-reported weight and height (weight [kg]/ height [m²).Respondents 
reporting weight < 50 pounds or ≥ 650 pounds; height < 3 feet or ≥ 8 feet; or BMI: <12 or ≥ 100 were excluded. Pregnant respondents were also 
excluded.

1 While BMI accounts for variation due to sex, it should be noted that it does not directly measure the percentage of total body fat. Limitations to BMI include a tendency to overestimate body fat in athletes and individuals with muscular builds and a tendency to underestimate body fat in elderly individuals who have lost muscle mass, and 
therefore, is not a reliable predictor of health in regard to these individuals (U.S. Department of Health and Human Services). Therefore, BMI can be used as a screening tool but is not diagnostic of body fatness or the health status of an individual. In order to determine if high BMI poses a health risk, a medical provider would need to 
perform further assessments, such as evaluations of diet, physical activity levels, and family history (WHO, 2021).
Other methods of measuring body fat in addition to BMI include: waist circumference (WC), calculation of waist-to-hip circumference (WHtR), skinfold thickness measurements, densitometry, and more direct, precision measurement techniques such as ultrasound or dual-energy X-ray absorptiometry (DXA), which measure body 
composition. While these methods are more accurate in determining body fat, limitations such as cost and accessibility constrict their wide-spread usage. In comparison, BMI is generally an inexpensive and effective method for gathering a rough estimate of the weight classification for large sample populations. Additionally, research has 
shown that BMI is moderately correlated with more direct measures of body fat obtained from skinfold thickness measurements, bioelectrical impedance, densitometry, DXA, and other methods (CDC, 2021). 

The Global Problem with Obesity  

Obesity has rapidly grown into a pandemic with worldwide adult obesity rates nearly tripling between 1975 and 2016 (WHO, 2021). Compared to the data from 1960 to 1962 from the National Health Examination 

Survey, the prevalence of obesity in the U.S. adult population has increased dramatically over the past few decades (Figure 1) (Flegal et al., 2016). As of 2016, the prevalence of obesity among U.S. adults aged 20 and over was 

39.8%. Among U.S. children and adolescents aged 5-19 years old, the prevalence of obesity has steadily risen from 5.2% (in 1971-1974) to 18.5% (in 2015-2016), and the threat of obesity continues to rise with profound 

economic and sociological implications (CDC, 2021). 

Once stigmatized as a problem unique to high-income countries, obesity has also been on the rise in low- and middle- income developing countries. If incidence continues at this rate, it is estimated that nearly half of 

the world population will be classified as overweight or obese by 2030. The root cause of the global rise in obesity prevalence has been widely debated, however, changes in dietary patterns, in conjunction with lower levels of 

physical activity, are believed to play a synergistic role in the increase in obesity rates (WHO, 2021).

What is Obesity?

Understanding the global rise in obesity requires analysis of the complex interdependent social, 

psychological, environmental, and biological dimensions that have aided its rise in prevalence. Lifestyle 

factors, such as consumption of energy-dense diets and inadequate physical activity, are major causative 

factors in obesity. As a chronic disease state, obesity strains many organ systems and is linked to various 

medical complications. 

Figure 4 : Economic Cost of Obesity (Cimperman, 2017).

Figure 5: Obesity: Causes and Prevention (Haneef, 2021)

Figure 5: Obesity as a Disease (Upadhyay et al., 2018).

Figure 1: BMI (CDC, 2021)

Obesity is a rising pandemic with a vast global and individual impact. Many comorbidities are associated with obesity, including gastroesophageal reflux disease (GERD). GERD can cause 

esophageal injury and damage the lining of the esophagus. Changes, or distortions, of esophagus morphology due to GERD may lead to decreased esophageal motility and, in some cases, 

indicate early stage esophagitis. Although prior studies have indicated that higher dietary fat intake is associated with an increased risk of GERD symptoms, there is limited evidence on the effect 

of diet on esophagus morphology. The aim of this review was to investigate the relationship between obesity and GERD and determine if observable changes in gut morphology were linked to 

consumption of energy-dense (E-D) diets. Alterations in esophageal morphology may potentially serve as early stage morphological markers of esophagitis and help explain the development of 

GERD in individuals consuming E-D diets long-term.
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Figure 6: Suggested Mechanisms that may be accelerating BE and EAC (Munch, 2016).
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Figure 7: Diagram depicting basic human gastrointestinal (GI) tract 
anatomy. Point A illustrates the pharynx, or upper portion directly 
above the esophagus. Point B depicts the upper esophageal sphincter 
(UES). Point C depicts the tubular structure of the esophagus. Point D 
depicts the lower esophageal sphincter (LES). Point E depicts the 
stomach. Ingested food enters through the mouth and passes through 
the esophagus, moving sequentially from A-E, until it reaches the 
stomach. Right panel: This diagram depicts normal, healthy esophagus 
anatomy in a human. Left panel: This diagram depicts the backflow of 
gastric acid up from the stomach into the esophagus in humans afflicted 
with GERD. The arrow highlighted in red shows the backflow of gastric 
acid.

The most common symptom of GERD is frequent heartburn episodes, however, GERD may result in both acute and chronic complications

(Mayo, 2020). Extraesophageal symptoms of GERD include laryngitis and chronic cough while injuries to the esophagus include esophagitis, 

stricture, Barrett’s esophagus, and adenocarcinoma (Vakil et al, 2006). The excessive reflux of acid and pepsin in GERD-afflicted individuals causes 

esophageal mucosa necrosis, resulting in erosions and ulcers which lead to esophagitis (de Vries et al., 2008). Esophageal strictures, which are 

caused by reflux-mediated inflammation, induce long-term scarring over time resulting in the luminal narrowing of the esophagus. In some 

individuals with chronic symptoms of GERD, Barrett’s esophagus is observed whereby the morphology of the distal esophagus lining changes to 

resemble that of intestinal lining (Kahrilas, 2008). 

Obese individuals, in particular, have a higher likelihood of developing the troublesome symptoms of GERD, such as frequent heartburn 

episodes (more than two times per week) (Vakil et al, 2006). Multiple studies have reported statistically significant findings directly correlating 

increasing BMI with higher GERD prevalence, erosive esophagitis, and higher incidence of esophageal adenocarcinomas (Hampel et al., 2005).

Figure 8: GERD (Hoberman, 2019)

Figure 9: Inflammatory mediators in gastroesophageal reflux disease: impact on esophageal motility, 
fibrosis, and carcinogenesis (Rieder et al., 2010)
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