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To investigate the prospective association of frailty status, especially the early stage, with the long-
term risk of Gastroesophageal reflux disease (GERD) in a large prospective cohort. We included 
participants who were free of GERD and cancer at baseline and use of aspirin and non-steroidal anti-
inflammatory drugs (NSAIDs) from the UK Biobank (UKB). Frailty status was assessed using Fried 
phenotype including five items (weight loss, exhaustion, low grip strength, low physical activity, 
slow walking pace) and classified as non-frail, pre-frail, and frail. The outcome was incident GERD. 
The frailty status was assessed using Cox proportional hazard model. Among 327,965 participants 
(mean age 56.6 years) at baseline, 151,689 (46.3%) were pre-frail and 14,288 (4.4%) were frail. During 
a median of 13.5-years of follow-up, 31,027 (9.5%) participants developed GERD. Compared with 
non-frail participants, pre-frail (hazard ratios [HR] = 1.21, 95% confidence interval [CI] 1.18–1.24) 
and frail (HR = 1.60, 95% CI 1.52–1.68) participants had significantly higher risks of GERD. Among 
the five indicators of frailty, exhaustion demonstrated the strongest association with the risk of 
GERD (HR = 1.42, 95% CI 1.38–1.47). Subgroup analysis showed strong associations among younger 
(< 60 years), female, high-educated, unemployed participants, and those who had BMI < 18.5 kg/m2 
(all P for interaction < 0.05). Frailty, especially pre-frail, which is potentially reversible, was associated 
with higher risk of GERD in middle-aged and older individuals. The findings underscore the importance 
of integrating routine frailty assessments and interventions, especially at the early stage, to improve 
digestive health.
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Gastroesophageal reflux disease (GERD) is a chronic disorder, characterized by reflux of stomach contents 
causing troublesome symptoms or complications1. The typical symptoms include heartburn, regurgitation, 
and chest pain. The estimated prevalence of GERD is 13.3% of the population worldwide and 15.4% in North 
America2,3. The incidence rate in the UK has also reached 5 per 1000 people4. Due to the chronic nature of 
GERD and the side effects associated with long-term use of conventional medications, this disorder exerts a 
substantial economic burden and impact on quality of life5. Given the rapidly aging population and increased 
lifespan, the number of older adults with GERD is rising, with a prevalence of 14.0% in people aged < 50 years old 
and 17.3% in those ≥ 50 years suggesting a remarkable rise in symptom prevalence with increasing age2.

Frailty is a major public health problem for an aging society, defined as a state of decreased reserve and 
resistance to stressors, characterized by a functional decline in multiple systems, and may be improved with 
targeted intervention6,7. In the cardiovascular system, frailty may lead to a significant decrease in the innate 
immune system, T cell activity, antibody production, and increased oxidative stress in mitochondrial activity, 
resulting in elevated levels of serum inflammation. High inflammatory levels and frailty can increase mortality, 
morbidity, hospitalization rate, disability, and co-morbidity onset of cardiovascular disease8. In addition, frailty 
may reduce the immune defense of the intestine, affect intestinal permeability, and accelerate the risk of digestive 
system diseases9,10. Frailty and pre-frailty are associated with an increased risk of digestive disorders, including 
inflammatory bowel disease (IBD)11,12, irritable bowel syndrome (IBS)13, gastric and colorectal cancer14,15. 
Currently, preventions for frailty include frailty screening, case identification, and management16. Regular 
exercise and physical activity are effective strategies for managing frailty, which can reduce the adverse prognosis 
and progression of frailty and liver cirrhosis17. Preoperative frailty can have a negative impact on various 
postoperative outcomes for patients with digestive system tumors. Developing frailty intervention measures 
can improve the overall condition of digestive system tumor patients during the perioperative and long-term 
recovery periods18.

The risk factors for GERD, such as aging, smoking, anxiety/depression, low physical activity, relaxation of 
the lower esophageal sphincter, decreased esophageal clearance ability, and delayed gastric emptying, are closely 
related to frailty19–21. Moreover, a cross-sectional study reported that a decline in muscle strength, one of the 
components of frailty, is associated with GERD in the elderly population22. Thus, we hypothesized that frailty is 
associated with increased risk of GERD. We aim to find frailty factors that are critical in developing a higher risk 
of GERD. To address these knowledge gaps, we aimed to explore the prospective association between frailty and 
its items and the risk of GERD in middle-aged and older adults from the UKB (Fig. S1).

Methods
Study participants
The UK Biobank began in 2006 and is a large-scale cohort study with a long-term follow-up and with the 
recruitment of approximately 500,000 adults in the United Kingdom23. UKB was approved by the North West-
Haydock Research Ethics Committee and all participants electronically wrote informed consent at recruitment. 
All the participants completed baseline questionnaires and underwent physical assessment. More details can be 
accessed on the official UKB website (https://www.ukbiobank.ac.uk/).

Among 502,018 UKB participants, by excluding these criteria, we were able to obtain a more homogeneous 
sample population to better evaluate the association between pre-frailty status and GERD. Those with 
prevalent GERD (n = 36,705) and cancer (n = 39,018) at baseline were excluded (see details in Figure S1). Next, 
participants with missing data on any of the frailty items (weight loss, n = 8916; exhaustion, n = 12,698; low 
physical activity, n = 74,882; low grip strength, n = 1807; slow walking pace, n = 212) were also excluded. Finally, 
327,965 participants were included (Fig. S1).

Frailty measurements
In our study, we applied the Frailty phenotype (FP), a widely recognized and adopted measurement for physical 
frailty, proposed by Fried and colleagues24. Handgrip strength was used as an objective measure of weakness, 
and the other four items (unintentional weight loss, exhaustion, slow gait speed, and low physical activity) were 
assessed via self-reported questionnaires (see details in Table S1). The FP score ranged from 0 to 5, indicative of 
frailty severity, with a higher score reflecting greater frailty. Based on previous studies, participants were classified 
as non-frail (FP score of 0), pre-frail (FP score ≥ 1 and ≤ 2), and frail (FP score ≥ 3)24,25. Briefly, FP was assessed 
with five items: unintentional weight loss, exhaustion, weakness, slow gait speed, and low physical activity, 
aligning with prior study conducted within the UKB18. Participants were first asked, "Compared with one year 
ago, has your weight changed?" Those who responded with "Yes, lost weight" received 1 point for unintentional 
weight loss; all other responses scored 0 points. Secondly, exhaustion was evaluated by asking participants how 
often they had felt tired or had little energy over the past two weeks. If a participant reported feeling this way 
more than half the days or nearly every day, they scored 1 point; otherwise, they scored 0 points. Weakness 
was measured using grip strength with a Jamar J00105 hydraulic hand dynamometer (Lafayette Instrument). 
Participants performed one grip assessment for each hand, and the maximal value from either hand was used. 
For men, scores of ≤ 29 kg for BMI ≤ 24 kg/m2, ≤ 30 kg for BMI 24.1–26 kg/m2, ≤ 30 kg for BMI 26.1–28 kg/m2, 
and ≤ 32 kg for BMI > 28 kg/m2 resulted in 1 point; for women, scores of ≤ 17 kg for BMI ≤ 23 kg/m2, ≤ 17.3 kg 
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for BMI 23.1–26 kg/m2, ≤ 18 kg for BMI 26.1–29 kg/m2, and ≤ 21 kg for BMI > 29 kg/m2 also resulted in 1 point; 
otherwise, they scored 0 points. Slow gait speed was assessed by asking participants to describe their usual 
walking pace. Those who reported a slow pace scored 1 point; all others scored 0 points. Finally, low physical 
activity was evaluated by asking if participants engaged in any light DIY activities, heavy DIY activities, or 
strenuous sports in the last four weeks. If a participant reported none or only light activity with a frequency of 
once per week or less, they scored 1 point; otherwise, they scored 0 points.

Outcomes
The outcome of this study was the incidence of GERD. The UKB documents the onset of a wide range of health 
outcomes via an inclusive categorization system, drawing from diverse sources: primary care databases, hospital 
admission records, self-reported medical conditions, and death register records. These outcomes are consistently 
mapped to ICD-10 classifications and refreshed periodically. The time-to-event was calculated from the baseline 
to the occurrence of GERD, death, loss to follow-up, or end of follow-up (September 1, 2023), whichever came 
first. Among the 31,027 incident cases, 2999 cases were from individuals under primary care, 25,900 cases were 
recorded through hospital admissions data, and 2128 cases were self-reported.

Covariates
The covariates in this study included age, sex (female or male), ethnicity (white, non-white), Townsend 
deprivation index (TDI), occupation (employed and unemployed), education (high, intermediate, low), body 
mass index (BMI, < 18.5 kg/m2, 18.5–24.9 kg/m2, 25.0–29.9 kg/m2, ≥ 30 kg/m2), smoking status (never, previous, 
current), alcohol drinking status (never, previous, current), use of aspirin and NSAIDs, history of anxiety, 
depression, diabetes, hypertension, and upper gastroenterology diseases (UGID). The TDI was calculated 
based on areas before participants were recruited in the UKB, with a higher TDI indicating a lower level of 
socioeconomic status26. Education level was defined as high (college or university degree), intermediate (A/
AS levels or O levels/GCSEs or equivalent), and low (none of the aforementioned)27. BMI was calculated as 
measured weight/height2 (kg/m2).

Statistical analysis
The basic characteristics of the study participants were classified by frailty status. Continuous variables were 
described by mean (standard deviation) and categorical variables by counts (percentages). Continuous variables 
were compared by analysis of variance, and categorical variables were compared by Chi-Squared test. The 
differences in cumulative GERD hazards among categories by frailty status were compared through Kaplan–
Meier curves. Additionally, the proportional hazards assumption was assessed using Schoenfeld residuals. Cox 
proportional hazard regression models were applied to calculate the hazard ratios (HR) with 95% confidence 
intervals (CIs) between frailty and incident GERD. For both frailty status (non-frail, pre-frail, frail) and frailty 
score (continuous variable), two adjustment models were performed: (1) model 1, adjusted for age and sex; (2) 
model 2, additionally adjusted for TDI, ethnics, occupation, education, smoking status, drinking status, BMI, 
aspirin use, NSAIDs use, history of anxiety, depression, diabetes, hypertension, and UGID based on model 1. 
Tests for trend were performed by assigning median frail score values (0, 1, and 3) to each frailty status.

Subgroup analyses were conducted by age (< 60 years or ≥ 60 years), sex (male or female), education (high, 
intermediate, or low), occupation (employed or unemployed), BMI (< 18.5  kg/m2, 18.5–24.9  kg/m2, 25.0–
29.9 kg/m2, ≥ 30 kg/m2). Potential effect modifications were explored by assessing the interaction between items 
of each stratified variable and frailty status. To test the robustness of the findings, we conducted several additional 
analyses. First, we repeated the main analysis by excluding participants taking anti-acid drugs at baseline such 
as proton pump inhibitors (PPIs), and histamine 2 receptor antagonists (H2RAs) (The identification codes are 
detailed in Text S1). Second, we excluded participants with prevalent anxiety, depression, diabetes, hypertension, 
and UGID at baseline, respectively. Third, participants diagnosed with GERD within the first 2 years of follow-
up were excluded to minimize the potential reverse causation. Fourth, frailty status was subsequently categorized 
as non-frail (score: 0–2), frailty (score: 3–5), and then we repeated the main analyses.

All analyses were performed using R software (version 4.2.1). A P value less than 0.05 was considered 
statistically significant (two-sided).

Results
Basic characteristics
The characteristics of the participants are presented in Table 1. A total of 327,965 participants (mean age 
56.6 years, 46.9% males) were enrolled in the final analyses. The prevalence of prefrailty and frailty at baseline 
was 46.3% (151,689/327,965) and 4.4% (14,288/327,965), respectively. Pre-frail and frail participants were more 
likely to be female, have a lower educational level, unemployed, have a higher level of TDI and BMI, and have 
a higher proportion of current smoking, prevalent anxiety, depression, diabetes, and UGID compared with the 
non-frail adults.

Frail status and the risk of GERD
During a mean follow-up of 13.5 years, 31,027 (9.5%) GERD cases were recorded. As shown in Fig. 1, compared 
with non-frail, participants in pre-frail and frail groups showed a significant risk of GERD (HR = 1.21, 95% CI 
[1.18–1.24] for pre-frail; HR = 1.60, 95% CI [1.52–1.68] for frail; P for trend < 0.001) after adjustment for age, 
sex, Townsend deprivation index, ethnics, occupation, education, smoking status, drinking status, BMI, history 
of anxiety, depression, diabetes, hypertension, and UGID. Each of the five items of frailty showed independent 
associations with the risk of GERD (HR ranged from 1.10 to 1.43). Specifically, exhaustion (HR = 1.42, 95% CI 
[1.38, 1.47]) demonstrated the strongest association with GERD incidence, while low physical activity showed 
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the least significant association (HR = 1.10, 95% CI [1.07, 1.13]). Besides, an 18% excess risk was associated with 
a per 1 frailty score change (HR = 1.18, 95% CI [1.16–1.20]). The higher risk of GERD during follow-up was 
confirmed by the cumulative hazard curve, adjusted for the aforementioned multiple covariates (Fig. 2).

Subgroup and sensitivity analyses
We conducted subgroup analyses by age, sex, education, occupation, and BMI to identify potential effect 
modifiers (Table 2). The results showed that the associations between frailty and risk of GERD were more 
pronounced among younger participants (< 60  years), female, unemployed, with high education, and lowest 
BMI (all P for interaction < 0.05). For instance, among participants aged below 60 years, compared with no-frail, 
participants in pre-frail and frail group had increased risks of GERD, with HRs of 1.24 (95% CI 1.20–1.29), 1.72 
(95% CI 1.60–1.85), respectively (P for trend < 0.001).

Characteristics Total (N = 327,965) Non-frail (N = 161,988) Pre-frail (N = 151,689) Frail (N = 14,288) P value

Age (years) < 0.001

 < 60 179,267 (54.7) 87,427 (54.0) 84,727 (55.9) 7113 (49.8)

 ≥ 60 148,698 (45.3) 74,561 (46.0) 66,962 (44.1) 7175 (50.2)

Sex < 0.001

 Female 174,064 (53.1) 82,103 (50.7) 83,174 (54.8) 8787 (61.5)

 Male 153,901 (46.9) 79,885 (49.3) 68,515 (45.2) 5501 (38.5)

Ethnics < 0.001

 Non-white 15,799 (4.8) 5057 (3.1) 9134 (6.0) 1608 (11.3)

 White 311,146 (95.2) 156,485 (96.9) 142,067 (94.0) 12,594 (88.7)

TDI (mean (SD)) − 1.43 (3.02) − 1.80 (2.81) − 1.20 (3.10) 0.25 (3.53) < 0.001

Education < 0.001

 High 115,025 (35.3) 62,188 (38.6) 50,036 (33.3) 2801 (19.9)

 Intermediate 107,242 (33.0) 53,177 (33.0) 49,958 (33.2) 4107 (29.2)

 Low 103,151 (31.7) 45,590 (28.3) 50,422 (33.5) 7139 (50.8)

Occupation < 0.001

 Unemployed 23,849 (7.3) 8544 (5.3) 11,532 (7.6) 3773 (26.6)

 Employed 303,106 (92.7) 153,013 (94.7) 139,671 (92.4) 10,422 (73.4)

BMI < 0.001

 < 18.5 kg/m2 1705 (0.5) 800 (0.5) 784 (0.5) 121 (0.8)

 18.5–24.9 kg/m2 112,561 (34.3) 65,187 (40.2) 44,961 (29.6) 2413 (16.9)

 25.0–29.9 kg/m2 139,272 (42.5) 70,427 (43.5) 64,301 (42.4) 4544 (31.8)

 ≥ 30 kg/m2 74,427 (22.7) 25,574 (15.8) 41,643 (27.5) 7210 (50.5)

Smoking status < 0.001

 Never 181,415 (55.5) 92,285 (57.1) 82,381 (54.5) 6749 (47.5)

 Previous 112,096 (34.3) 55,988 (34.6) 51,376 (34.0) 4732 (33.3)

 Current 33,540 (10.3) 13,334 (8.3) 17,490 (11.6) 2716 (19.1)

Alcohol drinking status < 0.001

 Never 12,812 (3.9) 4586 (2.8) 6813 (4.5) 1413 (9.9)

 Previous 10,806 (3.3) 3789 (2.3) 5674 (3.7) 1343 (9.4)

 Current 304,099 (92.8) 153,549 (94.8) 139,054 (91.8) 11,496 (80.7)

Aspirin 89,548 (27.3) 39,630 (24.5) 44,305 (29.2) 5613 (39.3) < 0.001

NSAID 90,157 (27.5) 39,915 (24.6) 44,571 (29.4) 5671 (39.7) < 0.001

Anxiety 5339 (1.6) 1972 (1.2) 2771 (1.8) 596 (4.2) < 0.001

Depression 18,770 (5.7) 6092 (3.8) 10,355 (6.8) 2323 (16.3) < 0.001

Diabetes 18,173 (5.5) 5076 (3.1) 10,335 (6.8) 2762 (19.3) < 0.001

Hypertension 176,869 (53.9) 84,105 (51.9) 83,124 (54.8) 9640 (67.5) < 0.001

UGID 3050 (0.9) 1215 (0.8) 1536 (1.0) 299 (2.1) < 0.001

Table 1.  Baseline characteristics of study participants by frailty status . Data are expressed as numbers and 
percentages for categorical variables and medians and standard deviation (SD) for continuous variables. The P 
values were generated using Chi-Squared test and analysis of variance for categorical and continuous variables, 
respectively. BMI: body mass index; TDI: Townsend deprivation index. High educational level: college or 
university degree; Intermediate educational level: A/AS levels or equivalent, O levels/GCSEs or equivalent; Low 
educational level: none of the aforementioned. NSAID: non-steroidal anti-inflammatory drug. UGID: upper 
gastroenterology diseases.

 

Scientific Reports |         (2025) 15:8916 4| https://doi.org/10.1038/s41598-025-93114-1

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Fig. 2.  Kaplan–Meier curves of cumulative hazards of GERD by the three statuses of frailty. GERD, 
gastroesophageal reflux disease. The y-axis indicates the cumulative hazard of GERD, and the x-axis indicates 
follow-up time in years.

 

Fig. 1.  Associations between frailty status and the risk of GERD. HR, hazard ratio; CI, confidence interval; 
Model 1, adjusted for age and sex; Model 2, additionally adjusted for TDI, ethnics, occupation, education, 
smoking status, drinking status, BMI, aspirin use, NSAIDs (non-steroidal anti-inflammatory drugs) use, 
history of anxiety, depression, diabetes, hypertension, and upper gastroenterology disease.
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Results of sensitivity analysis by frailty status were all consistent with main findings when (1) excluding 
participants with oral PPI/H2RA or anti-acid therapy on the onset of GERD (Table S2); (2) excluding participants 
with prevalent anxiety, depression, diabetes, hypertension at baseline (Table S3-S6); (3) excluding participants 
diagnosed with other UGIDs (esophagitis, Barrett’s esophagus, esophageal stricture, esophageal varices, gastric/
stomach ulcers, gastritis/gastric erosions, gastrointestinal bleeding) (Table S7); (4) subsequently categorizing 
the frailty as non-frail (score: 0 to 2), frail (score: 3 to 5) (Table S8); (5) excluding participants with the onset of 
GERD within 2 years of follow-up (Table S9).

Discussion
In this large-scale, long-term prospective cohort study, we demonstrated for the first time that both participants 
with pre-frailty and frailty were associated with higher risks of GERD. Among the five items of frailty, exhaustion 
showed the strongest association with the risk of GERD. Subgroup analysis showed strong associations among 
participants < 60  years old, female, unemployed, with high education, and lowest BMI. These findings have 
emphasized the critical role of frailty in the development of GERD risk and stratifying the populations.

Previous studies had found that frailty increased the risks of adverse health outcomes including falls, disability, 
cardiovascular disease, and all-cause mortality28–30. Considering the potential adverse impact of pre-frailty 
and frailty on GERD occurrence, screening frailty status may have important implications for the detection, 
diagnosis, and treatment of GERD. Notably, our findings showed that participants under 60 in the pre-frail or frail 
condition exhibit a notably elevated risk of GERD, underscoring the heightened significance of frailty screening 
within this middle-aged demographic. Since frailty status is a modifiable process with transitions among being 
frail, pre-frail, and non-frail over time, identifying those with pre-frail early may have more profound public 
health significance for GERD occurrence31. Moreover, our research reveals a significant association between 
exhaustion and the risk of GERD, highlighting the need to enhance screening for exhaustion and to prioritize the 
improvement of mental well-being in these individuals to prevent or mitigate the onset of GERD.

Although there has been no comparable data examining frailty status with the risk of GERD yet, studies have 
investigated the association between frailty items and GERD, supporting our findings22,32,33. A recent cross-
sectional analysis of 542 older adults reported an independent and inverse relationship between grip strength 
with GERD22. Our study also revealed that low grip strength can increase the risk of developing GERD by 20%. 
Another study from South Korea analyzed 8218 samples and found that sarcopenia was an independent predictor 
of GERD33, and the causal relationship has been confirmed by a bidirectional Mendelian randomization study32. 
Drawing upon these findings, we speculate that skeletal muscle attenuation often co-occurs with a corresponding 
decrease in smooth muscle mass, especially the insufficient strength of the lower esophageal sphincter, which 
may lead to the reflux of stomach contents into the esophagus. Consequently, among individuals predisposed to 
GERD, it is imperative to identify those exhibiting skeletal muscle attenuation, which could extend to populations 
afflicted with frailty, given the close association between frailty and sarcopenia34,35.

Subgroups
No. of events/
participants

HR (95% CI)a

P for trend P for interactionNon-frail Pre-frail Frailty

Age (years) < 0.001

 < 60 14,360/179,267 1(reference) 1.24 (1.20–1.29) 1.72 (1.60–1.85) < 0.001

 ≥ 60 16,667/148,698 1(reference) 1.19 (1.15–1.23) 1.57 (1.47–1.68) < 0.001

Sex < 0.001

 Female 17,118/174,064 1(reference) 1.24 (1.20–1.28) 1.65 (1.55–1.75) < 0.001

 Male 13,909/15,3901 1(reference) 1.18 (1.14–1.22) 1.50 (1.38–1.63) < 0.001

Education < 0.001

 High 8312/115,025 1(reference) 1.22 (1.17–1.28) 1.66 (1.49–1.86) < 0.001

 Intermediate 9880/107,242 1(reference) 1.16 (1.11–1.21) 1.62 (1.48–1.77) < 0.001

 Low 12,523/103,151 1(reference) 1.24 (1.19–1.29) 1.61 (1.50–1.72) < 0.001

Occupation 0.009

 Unemployed 2794/23,849 1(reference) 1.44 (1.31–1.59) 1.98 (1.76–2.23) < 0.001

 Employed 28,112/303,105 1(reference) 1.20 (1.17–1.23) 1.55 (1.47–1.64)) < 0.001

BMI < 0.001

 < 18.5 kg/m2 104/1705 1(reference) 1.29 (0.83–2.02) 2.26 (1.10–4.65) 0.04

 18.5–24.9 kg/m2 8354/112,561 1(reference) 1.23 (1.18–1.29) 1.82 (1.61–2.05) < 0.001

 25.0–29.9 kg/m2 13,708/139,272 1(reference) 1.21 (1.17–1.26) 1.62 (1.49–1.75) < 0.001

 ≥ 30 kg/m2 8861/74,427 1(reference) 1.17 (1.12–1.23) 1.58 (1.47–1.70) < 0.001

Table 2.  Associations between frailty and the risk of GERD stratified by subgroups. GERD, gastroesophageal 
reflux disease; HR, hazard ratio; CI, confidence interval; BMI, body mass index. aThe Cox regression model 
was adjusted for age, sex, Townsend deprivation index, ethnics, occupation, education, smoking status, BMI, 
alcohol drinking status, aspirin use, NSAIDs (non-steroidal anti-inflammatory drugs) use, history of anxiety, 
depression, diabetes, hypertension, and upper gastroenterology diseases. In each stratified analysis, the 
stratification variable was excluded in the model.
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Frailty and GERD share similar pathophysiological mechanisms, such as systemic inflammation, and 
gut microbiota. Previous studies have demonstrated the upregulation of the proinflammatory cytokines 
(i.e., TNF-α, IL-1/6) in older adults both with frailty and pre-frailty36,37, which are associated with impaired 
esophageal mucosal integrity, and may accordingly facilitate the development of GERD38. Besides, age-related 
gut microbiota changes increase intestinal permeability, resulting in the translocation of microorganisms 
and harmful substances, such as lipopolysaccharide (LPS), into the bloodstream39,40. LPS may worsen reflux 
esophagitis by relaxing the lower esophageal sphincter and slowing gastric emptying, suggesting a complex 
link between aging, microbiome imbalance, and GERD development41. Nevertheless, further large prospective 
population-based cohort studies to validate this positive association and elucidate the potential mechanism, 
especially on onset GERD, are needed.

To date, several feasible interventions aimed at improving core strength have been proven helpful for both 
prevention and improvement of frailty in older adults, such as exercise, physical therapy, adequate diet, and 
nutrition interventions42,43. It has been suggested that pre-frailty is a reversible clinical condition if treated in the 
early stages24. Thus, early, and timely screening and intervention for pre-frailty not only reduce the risk of GERD 
but also contribute significantly to the effective management and treatment of GERD.

The major novelty of the current study is to highlight the long-term risk of incident GERD associated with 
pre-frailty and frailty in middle-aged and older adults for the first time, based on the large-scale and well-
designed longitudinal cohort. Meanwhile, various sensitivity analyses ensured the robustness of the findings. 
Several limitations in this study should also be considered. First, given that the status of frailty might be changed 
during the follow-up period, we were unable to thoroughly explore how shifts in frailty status impact GERD 
susceptibility. The current assessment of the impact of frailty on GERD may have biases, but it does not alter the 
conclusion. In the future, if there are multiple rounds of data on frailty assessment, we may explore the impact of 
frailty changes on GERD occurrence. Second, frail individuals’ heightened healthcare utilization and increased 
medical testing may lead to an over-representation of GERD diagnoses, leading to detection bias, as compared 
to the non-frail population. Third, the majority of UKB participants were White, with a higher socioeconomic 
level, and relatively healthy, which may limit the broad application of our findings to more diverse ethnic and 
socioeconomic demographics. Fourth, the limitations in the definition of frailty arise from deficiencies in the 
reporting, such as the use of single questions to assess criteria like weight loss and slowness, which may not fully 
capture the complexity of the frailty phenotype. However, this methodology is also extensively employed in 
other research studies44–46. Finally, our longitudinal associations do not imply causality, and hence more studies 
are needed to validate these findings.

Conclusions
In this prospective cohort study of middle-aged and older UKB participants, both pre-frailty and frailty were 
significantly associated with increased risks of GERD. These findings highlight the importance of frailty 
status management in the prevention and intervention of GERD. Detecting pre-frailty at an early stage and 
implementing timely preventions may help to improve the allocation of health care resources and to reduce 
GERD-related burden.

Data availability
The data that support the findings of this study are openly available in UK Biobank at www.ukbiobank.ac.uk, 
reference number 61856.
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