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Abstract. With the advancement of population aging, it is increasingly vital to focus on the 

health conditions of the elderly. Sarcopenia is a condition characterized by gradual and systemic 

loss of skeletal muscle that may result in various outcomes, such as vulnerability, injuries and 

metabolic disorders, its impact on the lives of the elderly can’t be ignored. Non-erosive reflux 

disease (NERD) is the most prevalent phenotype of gastroesophageal reflux disease (GERD), a 

major clinical gastrointestinal illness. Therefore, this article provides an overview of the 

definition, diagnosis, epidemiology, pathophysiology, and treatment of GERD and sarcopenia, 
with the intention of offering fresh viewpoints to improve the elderly’s quality of life. 
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1.  Introduction 
Sarcopenia, as a chronic disease that leads to muscle loss and decreased strength [1, 2], is associated 

with mobility limitations, reducing the quality of life [3], and complications such as metabolic syndrome 

[4]; prevalence of GERD increases over time in the elderly [5]. With the aging of society and growth of 
population, it will increase the public health burden [6]. Therefore, this article provides an overview of 

the definition, diagnosis, epidemiology, pathophysiology, and treatment of GERD and sarcopenia, with 

the intention of offering fresh viewpoints to improve the elderly’s quality of life. 

2.  The definition and diagnosis of GERD 
The lower esophageal sphincter temporarily relaxes in GERD patients, leading to weakening of the anti-

reflux barrier and its main clinical manifestations are heartburn and reflux [7]. Research has 

demonstrated a correlation between GERD incidence and age [8]. Thus, public health burden increases 
as society aging and the population grows [6]. The diagnosis of GERD lacks an absolute standard. 

Therefore, symptoms like reflux and heartburn are used to make the diagnosis. Esophageal mucosal 

endoscopy, dynamic reflux monitoring can be used to evaluate esophageal acid exposure and high-
resolution manometry can be used to assess motility disorders associated with GERD [9]. The Lyon 

Consensus 2.0 [10] enhances diagnostic specificity and offers a contemporary diagnosis for GERD: for 

undiagnosed GERD patients, esophagogastroduodenoscopy and/or outpatient reflux monitoring can 

provide conclusive evidence; ancillary examinations like endoscopy, pH impedance monitoring, and 
manometry may impact the conclusion when the evidence is inconclusive; the only approach for 
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determining whether a patient with GERD is experiencing refractory reflux is through pH impedance 

monitoring. 

3.  The definition and diagnosis of sarcopenia 
Sarcopenia is characterized by a progressive loss of both skeletal muscle quality and strength. in skeletal 

muscle quality and strength [11], primarily due to long-term accumulation of adverse changes in the 

muscles. A meta-analysis by Petermann and colleagues [12] indicates that the incidence of sarcopenia 
under the diagnostic standard of the European Working Group on Sarcopenia in Older People 

2(EWGSOP2) is 10% (95% CI: 0.02-0.17). Sarcopenia has several diagnostic criteria. Currently the 

most commonly used diagnostic standard of sarcopenia has been revised by EWGSOP2 for the 

algorithms used in identifying and diagnosing of sarcopenia [13]: (1) The amount of muscle mass in the 
limbs, for males should be less than 20 kilograms, and for females less than 15 kilograms; (2) Low 

muscular strength is defined as grip force below the normal range, with less than 27 kilograms for males 

and less than 16 kilograms for females; (3) a step rate of ≤ 0.8 m/s, a score of ≤ 8 on the Simple Physical 
Assessment Scale (SPAS), and a chair stand test of 5 repetitions >15s. Reduction of muscular mass, 

combined with a decline in muscle strength or low fitness, can be used to diagnose sarcopenia. 

4.  The epidemiology of GERD and sarcopenia 

4.1.  Researches on the risk of developing sarcopenia among patients with GERD 

A cross-sectional study by Kim and his colleagues [14] which included 8,218 patients (3,414 in the 

GERD category and 4,804 in the non-GERD category) found that 16.8% of GERD patients suffered 

from sarcopenia and sarcopenia is an independent predictor of GERD. Besides sarcopenia incidence was 
significantly more in the GERD category compared to the non-GERD category. Imagama and colleagues 

[15] conducted a prospective longitudinally cohort investigation with a 5-year follow-up and discovered 

that sarcopenia and reduced back muscle strength were important risk factors for the onset of GERD. 

4.2.  Researches on the relationship between GERD and sarcopenia 

There is a current study [14] indicating that GERD is connected to sarcopenia. Sarcopenia may cause 

metabolic syndrome [4] which affects the mechanical barrier’s function of the esophagus and stomach, 

so this triggers gastroesophageal reflux. Meanwhile cytokine signaling may play a role between 
sarcopenia and GERD [16-18]. A Mendelian study by Hu and colleagues [19] also discovered that 

features associated with sarcopenia such as decreased grip strength, decreased walking speed, and 

decreased appendicular lean mass were causally related to GERD. There is a deficit of sufficient 
evidence to substantiate a direct link between GERD and sarcopenia, so further analysis of the 

pathophysiological mechanisms of GERD and sarcopenia is needed. 

5.  Researches on the shared pathophysiological mechanisms of GERD and sarcopenia  

5.1.  Inflammations 

Inflammation is one of the most crucial pathophysiologic mechanisms of gastroesophageal reflux. 

Gastroesophageal reflux overactivation of NF-κB increases cytokine levels such as TNF-α and IL-6 in 

esophageal epithelium [16]. One of the most important pathophysiologic mechanisms of sarcopenia is 
also inflammation. In a multicenter prospective longitudinal study by Li and colleagues [17], sarcopenia 

patients had significantly higher inflammatory mediator (IL-6, IL-18, TNF-α) levels in serum compared 

to non-sarcopenia patients. In the meantime, a study found that lower skeletal muscular strength and 
lower quantity of muscle were substantially correlated with greater levels of circulating inflammatory 

markers, with IL-6 and TNF-α being particularly linked to these outcomes [18]. Systemic inflammatory 

indicators typically rise with age, with TNF-α being one of the main culprits [20]. Elevated TNF-α levels 
(>11.15 pg/ml) have been linked to a 7.6-fold increase in the likelihood of sarcopenia [17]. By activating 

the ubiquitin-proteasome pathway, TNF-α causes a disorder in the production and metabolism of 
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proteins in skeletal muscle, which results in atrophy and a loss in skeletal muscle mass [21], thus, both 

muscle mass and strength in skeletal muscles are reduced [18]. 

5.2.  Body mass index and obesity 
A cohort study showed higher BMI independently linked to GERD symptoms [22]. It has also been 

shown that there is a genetic link to the greater BMI susceptibility, which increases the chance of having 

GERD [23]. Obese subjects have an increased prevalence of esophageal dyskinesia, transient relaxation 
of lower esophageal sphincter tension, and esophageal hiatal herniation, thus leading to an increased 

incidence of GERD. Obesity also leads to increased intra-abdominal pressure, which increases the 

likelihood of stomach contents passing through the lower esophageal sphincter [24]. Centripetal obesity 

also impairs the structure and function of the esophageal epithelial barrier [25]. It has been shown that 
the accumulation of lipids and their byproducts inside and causes protein breakdown to worsen, 

dysfunction in the mitochondria to be induced, and a variety of cytokines that trigger inflammation to 

be produced more often, which can exacerbate muscle atrophy [26, 27]. Sarcopenia is made worse by 
obesity, which also enhances the chance of mortality, reduces physical functioning, and promotes the 

infiltration of fat into muscles.  [13]. But there is a study finding that people with sarcopenia had a 

relatively low BMI compared to patients without sarcopenia [28]. 

5.3.  Diabetes mellitus type 2, T2DM 

The results of two Mendelian randomization (MR) analyses [23, 29]have both suggested that genetic 

susceptibility to T2DM increases the chance of developing GERD. Mechanisms involved in both are 

likely to be altered glucose and insulin metabolism in patients with T2DM, which leads to increased 
vascular endothelial damage and chronic inflammation [30]. Additionally, sarcopenia was more 

common in T2DM patients than in participants without diabetes by 18% [3]. Patients with T2DM have 

dramatically lower muscle power and resistance, and poor glycemic control may further lead to reduced 
muscle mass [31]. In addition, lack of exercise in patients with T2DM leads to muscle atrophy and 

mitochondrial dysfunction, due to the inhibition of the nuclear receptor’s gamma coactivator-1 alpha 

peroxisome proliferator-activated receptor [32]. 

5.4.  Smoke 
A cohort Study Shows Smoking Independently Associated with GERD Symptoms [22]. According to a 

meta-analysis conducted by Larsson and colleagues [33], there is a correlation between smoking habit 

and a higher chance of getting reflux disease of the stomach. The outcomes of two other MR analyses 
[23, 34] similarly come to the conclusion that genetic predisposition to start smoking is linked to a higher 

chance of developing GERD. Because tobacco prolongs gastroesophageal acid clearance and decreases 

lower esophageal sphincter pressure [35]. MR analysis by Park et al [36] showed that there was a strong 
correlation found between lower appendicular lean mass index and increased genetic vulnerability to 

smoking and slower walking speed in the sarcopenia phenotype and was not significant for the grip 

strength phenotype. Smoking leads to skeletal muscular dysfunction by reducing the amount of oxygen 

that reaches the mitochondria, where long-term illnesses can cause sarcopenia and muscle atrophy [36]. 
Simultaneously exposure to cigarette smoke extracts leads to a roar in muscle growth inhibitors and a 

decline in the rate of myosin synthesis [37].  

5.5.  Psychological factor 
According to a meta-analysis conducted by Zamani and colleagues [38] indicated that genetic 

susceptibility to anxiety and depression was related to a higher chance of developing GERD. The 

outcomes of MR analysis by Ruan et al [39] indicated that genetic predisposition to depression was 
related to a higher prevalence of GERD. Because psychological factors like sensitivity to esophageal 

stimulation alter esophageal dynamics and lower esophageal sphincter pressure, people who suffer from 

combined psychological disorders often experience pain from low-intensity esophageal stimulation [40]. 

Additionally, the use of medications like tricyclic antidepressants can cause a decrease in esophageal 
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sphincter lower pressure [40], which in turn can increase the incidence of reflux episodes [41]. 

According to both meta-analyses [42, 43], depression was independently correlated with sarcopenia and 

was more common in sarcopenia patients than in the overall population. Sarcopenia can result from 
depression, which can also cause a decrease in regular social interactions. People with sarcopenia may 

also become disabled or become less active due to a loss of muscular mass and strength [43]. 

6.  Conclusion 
In conclusion, although GERD and sarcopenia are two completely different diseases, existing research 

suggests that there is a link between the two in terms of epidemiology and pathophysiology, especially 

in terms of inflammation, obesity, and psychiatric factors. The treatment of sarcopenia has a protective 

effect on GERD, and there are also Common potential treatment modalities such as lifestyle 
improvements like weight loss, smoking cessation, etc. Consequently, clinicians need to pay enough 

attention to this. It is hoped that the combination of exercise and taking vitamin D as needed with 

conventional treatment will enhance the patient’s prognosis. 

References 

[1] SMITH C, WOESSNER M N, SIM M, et al. Sarcopenia definition: Does it really matter? 

Implications for resistance training  [J]. Ageing Res Rev, 2022, 78: 101617. 
[2] BAUER J, MORLEY J E, SCHOLS A, et al. Sarcopenia: A Time for Action. An SCWD Position 

Paper  [J]. J Cachexia Sarcopenia Muscle, 2019, 10(5): 956-61. 

[3] YUAN S, LARSSON S C. Epidemiology of sarcopenia: Prevalence, risk factors, and 

consequences  [J]. Metabolism, 2023, 144: 155533. 
[4] WU H, LIU M, CHI V T Q, et al. Handgrip strength is inversely associated with metabolic 

syndrome and its separate components in middle aged and older adults: a large-scale 

population-based study  [J]. Metabolism, 2019, 93: 61-7. 
[5] SWEIS R, FOX M. The global burden of gastro-oesophageal reflux disease: more than just 

heartburn and regurgitation  [J]. Lancet Gastroenterol Hepatol, 2020, 5(6): 519-21. 

[6] The global, regional, and national burden of gastro-oesophageal reflux disease in 195 countries 

and territories, 1990-2017: a systematic analysis for the Global Burden of Disease Study 2017  
[J]. Lancet Gastroenterol Hepatol, 2020, 5(6): 561-81. 

[7] MARET-OUDA J, MARKAR S R, LAGERGREN J. Gastroesophageal Reflux Disease  [J]. Jama, 

2020, 324(24): 2565. 
[8] DELSHAD S D, ALMARIO C V, CHEY W D, et al. Prevalence of Gastroesophageal Reflux 

Disease and Proton Pump Inhibitor-Refractory Symptoms  [J]. Gastroenterology, 2020, 158(5): 

1250-61.e2. 
[9] KATZ P O, DUNBAR K B, SCHNOLL-SUSSMAN F H, et al. ACG Clinical Guideline for the 

Diagnosis and Management of Gastroesophageal Reflux Disease  [J]. Am J Gastroenterol, 

2022, 117(1): 27-56. 

[10] GYAWALI C P, YADLAPATI R, FASS R, et al. Updates to the modern diagnosis of GERD: 
Lyon consensus 2.0  [J]. Gut, 2024, 73(2): 361-71. 

[11] CRUZ-JENTOFT A J, SAYER A A. Sarcopenia  [J]. Lancet, 2019, 393(10191): 2636-46. 

[12] PETERMANN-ROCHA F, BALNTZI V, GRAY S R, et al. Global prevalence of sarcopenia and 
severe sarcopenia: a systematic review and meta-analysis  [J]. J Cachexia Sarcopenia Muscle, 

2022, 13(1): 86-99. 

[13] CRUZ-JENTOFT A J, BAHAT G, BAUER J, et al. Sarcopenia: revised European consensus on 
definition and diagnosis  [J]. Age Ageing, 2019, 48(4): 601. 

[14] KIM Y M, KIM J H, BAIK S J, et al. Association between skeletal muscle attenuation and 

gastroesophageal reflux disease: A health check-up cohort study  [J]. Sci Rep, 2019, 9(1): 

20102. 

Proceedings of  the 4th International  Conference on Biological  Engineering and Medical  Science 
DOI:  10.54254/2753-8818/57/20241288 

149 



 

 

[15] IMAGAMA S, ANDO K, KOBAYASHI K, et al. Increase in lumbar kyphosis and spinal 

inclination, declining back muscle strength, and sarcopenia are risk factors for onset of GERD: 

a 5-year prospective longitudinal cohort study  [J]. Eur Spine J, 2019, 28(11): 2619-28. 
[16] TAMBUNTING L, KELLEHER D, DUGGAN S P. The Immune Underpinnings of Barrett’s-

Associated Adenocarcinogenesis: a Retrial of Nefarious Immunologic Co-Conspirators  [J]. 

Cell Mol Gastroenterol Hepatol, 2022, 13(5): 1297-315. 
[17] LI C W, YU K, SHYH-CHANG N, et al. Circulating factors associated with sarcopenia during 

ageing and after intensive lifestyle intervention  [J]. J Cachexia Sarcopenia Muscle, 2019, 

10(3): 586-600. 

[18] TUTTLE C S L, THANG L A N, MAIER A B. Markers of inflammation and their association 
with muscle strength and mass: A systematic review and meta-analysis  [J]. Ageing Res Rev, 

2020, 64: 101185. 

[19] HU R, LIU C, LI D. A Mendelian randomization analysis identifies causal association between 
sarcopenia and gastroesophageal reflux disease  [J]. Aging (Albany NY), 2024, 16(5): 4723-

35. 

[20] KAMPER R S, ALCAZAR J, ANDERSEN L L, et al. Associations between inflammatory 
markers, body composition, and physical function: the Copenhagen Sarcopenia Study  [J]. J 

Cachexia Sarcopenia Muscle, 2021, 12(6): 1641-52. 

[21] SARTORI R, ROMANELLO V, SANDRI M. Mechanisms of muscle atrophy and hypertrophy: 

implications in health and disease  [J]. Nat Commun, 2021, 12(1): 330. 
[22] MEHTA R S, NGUYEN L H, MA W, et al. Association of Diet and Lifestyle With the Risk of 

Gastroesophageal Reflux Disease Symptoms in US Women  [J]. JAMA Intern Med, 2021, 

181(4): 552-4. 
[23] YUAN S, LARSSON S C. Adiposity, diabetes, lifestyle factors and risk of gastroesophageal 

reflux disease: a Mendelian randomization study  [J]. Eur J Epidemiol, 2022, 37(7): 747-54. 

[24] ALTHOFF M D, GHINCEA A, WOOD L G, et al. Asthma and Three Colinear Comorbidities: 

Obesity, OSA, and GERD  [J]. J Allergy Clin Immunol Pract, 2021, 9(11): 3877-84. 
[25] GIBBENS Y Y, LANSING R, JOHNSON M L, et al. Effects of Central Obesity on Esophageal 

Epithelial Barrier Function  [J]. Am J Gastroenterol, 2021, 116(7): 1537-41. 

[26] LI C W, YU K, SHYH-CHANG N, et al. Pathogenesis of sarcopenia and the relationship with fat 
mass: descriptive review  [J]. J Cachexia Sarcopenia Muscle, 2022, 13(2): 781-94. 

[27] DANTAS W S, ZUNICA E R M, HEINTZ E C, et al. Mitochondrial uncoupling attenuates 

sarcopenic obesity by enhancing skeletal muscle mitophagy and quality control  [J]. J Cachexia 
Sarcopenia Muscle, 2022, 13(3): 1821-36. 

[28] ZENG X, SHI Z W, YU J J, et al. Sarcopenia as a prognostic predictor of liver cirrhosis: a 

multicentre study in China  [J]. J Cachexia Sarcopenia Muscle, 2021, 12(6): 1948-58. 

[29] CHEN J, YUAN S, FU T, et al. Gastrointestinal Consequences of Type 2 Diabetes Mellitus and 
Impaired Glycemic Homeostasis: A Mendelian Randomization Study  [J]. Diabetes Care, 2023, 

46(4): 828-35. 

[30] DEWIDAR B, KAHL S, PAFILI K, et al. Metabolic liver disease in diabetes - From mechanisms 
to clinical trials  [J]. Metabolism, 2020, 111s: 154299. 

[31] ZHANG X, ZHAO Y, CHEN S, et al. Anti-diabetic drugs and sarcopenia: emerging links, 

mechanistic insights, and clinical implications  [J]. J Cachexia Sarcopenia Muscle, 2021, 12(6): 
1368-79. 

[32] GAN Z, FU T, KELLY D P, et al. Skeletal muscle mitochondrial remodeling in exercise and 

diseases  [J]. Cell Res, 2018, 28(10): 969-80. 

[33] LARSSON S C, BURGESS S. Appraising the causal role of smoking in multiple diseases: A 
systematic review and meta-analysis of Mendelian randomization studies  [J]. EBioMedicine, 

2022, 82: 104154. 

[34] YUAN S, CHEN J, RUAN X, et al. Smoking, alcohol consumption, and 24 gastrointestinal 
diseases: Mendelian randomization analysis  [J]. Elife, 2023, 12. 

Proceedings of  the 4th International  Conference on Biological  Engineering and Medical  Science 
DOI:  10.54254/2753-8818/57/20241288 

150 



 

 

[35] MARET-OUDA J, MARKAR S R, LAGERGREN J. Gastroesophageal Reflux Disease: A 

Review  [J]. Jama, 2020, 324(24): 2536-47. 

[36] PARK S, KIM S G, LEE S, et al. Causal linkage of tobacco smoking with ageing: Mendelian 
randomization analysis towards telomere attrition and sarcopenia  [J]. J Cachexia Sarcopenia 

Muscle, 2023, 14(2): 955-63. 

[37] ASLAM M A, MA E B, HUH J Y. Pathophysiology of sarcopenia: Genetic factors and their 
interplay with environmental factors  [J]. Metabolism, 2023, 149: 155711. 

[38] ZAMANI M, ALIZADEH-TABARI S, CHAN W W, et al. Association Between 

Anxiety/Depression and Gastroesophageal Reflux: A Systematic Review and Meta-Analysis  

[J]. Am J Gastroenterol, 2023, 118(12): 2133-43. 
[39] RUAN X, CHEN J, SUN Y, et al. Depression and 24 gastrointestinal diseases: a Mendelian 

randomization study  [J]. Transl Psychiatry, 2023, 13(1): 146. 

[40] WU Y, MURRAY G K, BYRNE E M, et al. GWAS of peptic ulcer disease implicates 
Helicobacter pylori infection, other gastrointestinal disorders and depression  [J]. Nat 

Commun, 2021, 12(1): 1146. 

[41] FASS R, BOECKXSTAENS G E, EL-SERAG H, et al. Gastro-oesophageal reflux disease  [J]. 
Nat Rev Dis Primers, 2021, 7(1): 55. 

[42] GAO Q, HU K, YAN C, et al. Associated Factors of Sarcopenia in Community-Dwelling Older 

Adults: A Systematic Review and Meta-Analysis  [J]. Nutrients, 2021, 13(12). 

[43] LI Z, TONG X, MA Y, et al. Prevalence of depression in patients with sarcopenia and correlation 
between the two diseases: systematic review and meta-analysis  [J]. J Cachexia Sarcopenia 

Muscle, 2022, 13(1): 128-44. 

Proceedings of  the 4th International  Conference on Biological  Engineering and Medical  Science 
DOI:  10.54254/2753-8818/57/20241288 

151 


