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Background: Gastroesophageal reflux disease (GERD) often coexists with anxiety, depression, and poor sleep quality, which worsen
symptom perception and reduce quality of life. While each factor has been linked to GERD, their combined effects have rarely been
examined, especially in sleep clinic populations. This study aimed to assess the individual and combined associations of anxiety,
depression, and sleep quality with probable GERD in patients at a tertiary hospital sleep center.

Methods: This retrospective cross-sectional study examined patient data from the Sleep Center of National Cheng Kung University
Hospital collected between July 2020 and July 2021. All included patients completed the Gastroesophageal Reflux Disease
Questionnaire (GERDQ), Pittsburgh Sleep Quality Index (PSQI), and Hospital Anxiety and Depression Scale (HADS).
Multivariable logistic regression was used to determine associations between elevated HADS-A (anxiety), HADS-D (depression),
PSQI scores, and probable GERD (GERDQ score > 9), adjusting for relevant confounders.

Results: Among 877 patients, 93 (10.6%) had probable GERD. Elevated HADS-A (adjusted odds ratio [aOR]: 2.18, 95% confidence
interval [CI]: 1.40-3.39, p < 0.001), HADS-D (aOR: 2.10, 95% CI: 1.34-3.29, p = 0.001), and PSQI (aOR: 3.32, 95% CI: 2.10-5.27,
p <0.001) scores were significantly associated with probable GERD. Patients with both high HADS-A and PSQI scores had a stronger
association (aOR: 4.74, 95% CI: 2.62-8.60), and those with both high HADS-D and PSQI scores had the greatest odds (aOR: 5.09,
95% CI: 2.72-9.41).

Conclusion: Results reaffirm that anxiety, depression, and poor sleep quality are significantly associated with probable GERD.
However, given the cross-sectional design, causal relationships cannot be established. The combined use of HADS and PSQI may
enhance GERD risk identification, suggesting that individuals with psychological and/or sleep disturbances should consider gastro-
enterological evaluation.
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Introduction
Gastroesophageal reflux disease (GERD) is a prevalent chronic condition among adults, occurring when stomach
contents reflux into the esophagus, and produce symptoms such as heartburn, regurgitation, and dyspepsia.'> GERD
affects 13.3% of the population globally, including 15.4% in North America. Besides its clinical implications, GERD
significantly affects patients’ quality of life and also places a significant economic burden on healthcare systems, costing
an estimated $10 billion annually in the United States alone.*"*

GERD is often comorbid with psychological distress, including anxiety and depression, which may increase symptom
sensitivity.”® Sleep disturbances are also common, forming a bidirectional relationship that can perpetuate both reflux
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symptoms and mental health issues.”® Potential pathophysiological mechanisms linking these conditions include
heightened visceral hypersensitivity, altered central pain processing, and autonomic nervous system dysregulation,
which may impair lower esophageal sphincter function and amplify symptom perception.”'°

The Pittsburgh Sleep Quality Index (PSQI), which is widely used to assess sleep quality, has consistently shown that
patients with GERD often experience poorer sleep, which aggravates their reflux symptoms.'""'? This bidirectional
relationship complicates clinical management of GERD and/or anxiety/depression and sleep disturbances because
treating one condition without addressing the others may not improve the targeted condition.

Despite increasing recognition of the links between GERD, anxiety, depression, and sleep disturbances, most previous
studies have examined these associations in isolation and in general population samples, with very limited research
focusing on patients presenting to sleep clinics. Furthermore, few studies have investigated the potential joint effects of
psychological distress and poor sleep quality on GERD, particularly using validated tools such as HADS and PSQI."

Addressing this gap is important because identifying high-risk patients through combined psychological and sleep
assessments may facilitate earlier intervention, improve GERD management, and guide integrated care in both sleep and
gastroenterology settings. For example, one study demonstrated that elevated HADS and PSQI scores worsened tinnitus
symptoms, suggesting that their interplay may influence other conditions as well.'"* We therefore hypothesized that
combined elevated HADS and PSQI scores would be more strongly associated with probable GERD than either score
alone. Building on these findings, this study aimed to explore whether the combined use of HADS and PSQI scores is
more strongly associated with the presence of probable GERD than either measure alone, using data from a tertiary
hospital sleep center.

Methods
Study Design and Population

This retrospective cross-sectional study was conducted at the Sleep Center of National Cheng Kung University Hospital
(NCKUH) in Taiwan using patient data collected from July 2020 to July 2021. Adult patients aged 18 years and older
who were referred from outpatient clinics in the otolaryngology, psychiatry, pulmonology, and other departments of
NCKUH who presented with sleep difficulties were eligible. Specifically, patients who had completed the
Gastroesophageal Reflux Disease Questionnaire (GERDQ), PSQI, and HADS questionnaires were included. A total of
910 patients were initially identified. After excluding 33 patients with incomplete questionnaire data, 877 participants
were included in the final analysis. All questionnaires were self-administered using a tablet-based electronic system at the
outpatient clinic.

Ethics Statement

The study protocol was reviewed and approved by the Institutional Review Board of NCKUH (IRB number: B-ER-111-328).
The study was conducted in accordance with the Declaration of Helsinki. Since patient data were analyzed retrospectively and
were deidentified to protect identity, the IRB waived the need for included patients’ signed informed consent.

Characteristics of Included Patients

The following demographic and clinical variables were collected from the medical records of all included patients: age,
sex, body mass index (BMI; kg/m?), sleeping systolic blood pressure (SBP; mmHg), heart rate (HR; bpm), neck
circumference (cm) and waist-to-hip ratio (WHR). These variables provided a comprehensive profile of the physical
characteristics and health status of all participants (Table 1).

Gastroesophageal Reflux Disease Questionnaire (GERDQ)

The GERDQ is a previously validated complementary tool for diagnosing GERD in primary care settings, helping to
reduce the need for upper endoscopy and improving resource utilization.'* A validated 6-item GERDQ questionnaire, as
used in this study, scores each item on a scale from 0 to 3, where 0 indicates no symptoms, 1 indicates 1 day per week, 2
indicates 2-3 days per week, and 3 indicates 4—7 days per week. A total score of >9 was used as the cut-off for
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Table 1 Characteristics of the Study Population Stratified by Indicators of Probable GERD

Characteristics All (n=877) Probable GERD p-value
Yes (GERDQ > 9) | No (GERDQ <9)
(n=93) (n=784)
Age, years 44.0 (33.0-56.0) 50.0 (39.0-60.0) 44.0 (32.5-56.0) 0.002
Male 608 (69.3) 61 (65.6) 547 (69.8) 0.409
BMI, kg/m? 26.6 (23.5-30.0) 27.0 (24.0-30.1) 26.5 (23.5-30.0) 0.487
Mean HR, bpm (n=875) 64.0 (58.0-70.0) 64.0 (60.0-69.0) 63.0 (58.0-70.0) 0.515
HADS-A score 7.0 (3.0-10.0) 9.0 (6.0-11.0) 6.0 (3.0-10.0) <0.001
HADS-A 2 8 378 (43.1) 55 (59.1) 323 (41.2) 0.001
HADS-D score 5.0 (3.0-8.0) 6.0 (3.0-9.0) 5.0 (3.0-7.0) <0.001
HADS-D 2 8 225 (25.7) 37 (39.8) 188 (24.0) 0.001
PSQI score 8.0 (5.0-10.0) 11.0 (8.0-13.0) 7.0 (5.0-10.0) <0.001
PSQI =29 359 (41.0) 63 (67.7) 296 (37.7) <0.001
WHR 0.90 (0.83-0.94) 0.91 (0.85-0.96) 0.90 (0.83-0.94) 0.044
Neck Circumference, cm | 38.0 (35.0—40.0) 38.0 (35.040.0) 38.0 (35.040.0) 0.905

Notes: P-values < 0.05 are shown in bold. The Wilcoxon rank sum test and chi-squared test were performed for
comparing the study variables between GERDQ categories.

Abbreviations: BMI|, body mass index; SBP, systolic blood pressure; HR, heart rate; bpm, beats per minute; HADS-A,
Hospital Anxiety and Depression Scale — Anxiety; HADS-D, Hospital Anxiety and Depression Scale — Depression; PSQI,
Pittsburgh Sleep Quality Index; WHR, waist-hip ratio. GERDQ, Gastroesophageal Reflux Disease Questionnaire, OR,
odds ratio; Cl, confidence interval.

diagnosing probable GERD, as previously demonstrated.'> Previous research has shown that the GERDQ instrument has
a high positive predictive value of 92% (95% confidence interval [CI]: 86—97), although its negative predictive value is
relatively low (22%)."> In addition, a recent large-scale meta-analysis of 11,166 participants demonstrated that GERDQ
has moderate sensitivity and specificity for GERD diagnosis.'® Given the absence of endoscopic data for patients visiting
the Sleep Center, a GERDQ score of >9 was used in this study as a surrogate marker for GERD, referring to it as
“probable GERD”, as this score does not indicate a definitive diagnosis.

Pittsburgh Sleep Quality Index (PSQI)

Sleep quality was assessed using the PSQI, which is a self-reported questionnaire used to assess sleep quality and
disturbances over a single month.'” The PSQI instrument evaluates various aspects of sleep, including subjective sleep
quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbance, use of sleep medications, and daytime
dysfunction. Nineteen items grouped into seven components are scored on a 0-3 interval scale, with global scores
ranging from 0 to 21. A global score of >9 was used as the cut-off point to indicate poor sleep quality, as described
previously.'® The PSQI has demonstrated good internal consistency (Cronbach’s a = 0.83) and validity for assessing
sleep quality in both clinical and research settings.'’

Hospital Anxiety and Depression Scale (HADS)

Patients’ anxiety and depression statuses were evaluated using the HADS, a 14-item questionnaire used to evaluate
individual patients’ anxiety and depressive symptoms.”” Each of the 14 items is scored from 0 to 3, resulting in two
global scores: one for anxiety (HADS-A) and one for depression (HADS-D). Scores of >8 on either scale were
considered indicative of anxiety or depression symptoms, as determined previously.?’ The HADS has shown high

reliability (Cronbach’s a ranging from 0.80 to 0.93) and construct validity across diverse patient populations.?®*?

Statistical Analysis
Continuous data are presented as medians with interquartile ranges (IQR), and categorical data as counts and percen-
tages. To assess differences between patients with and without probable GERD (GERDQ score > 9 vs < 9), categorical
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variables were compared using the chi-squared test, while continuous variables without normal distribution were
analyzed using the Wilcoxon rank sum test. Univariate regression analysis was performed to assess associations between
the study variables and the presence of probable GERD. Variables that reached statistical significance in univariate
analysis were added into the multivariable models. Multivariable logistic regression analysis was performed to determine
the associations between the HADS-A, HADS-D, and PSQI scores and the presence of probable GERD, presented as
adjusted odds ratios (aORs) and corresponding 95% CI.

A two-tailed p-value of <0.05 was established as statistical significance, and all statistical analyses were performed
using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

In total, 877 patients were included in the present study (mean age 44.6 years, 69.3% males) (Table 1). A total of 93
individuals (10.6%) had probable GERD based on GERDQ scores. Those with probable GERD exhibited significantly
higher proportions of HADS-A > 8 (59.1% vs 41.2%, p = 0.001, OR = 2.07, 95% CI: 1.33-3.20), HADS-D > 8
(39.8% vs 24.0%, p = 0.001, OR = 2.10, 95% CI: 1.34-3.27), and PSQI > 9 (67.7% vs 37.7%, p < 0.001, OR = 3.46,
95% CI: 2.19-5.47). They were also older (median age: 50.0 vs 44.0 years, p = 0.002, OR = 1.02, 95% CI: 1.01-1.04)
and had a slightly higher WHR (median: 0.91 vs 0.90, p = 0.044, OR = 27.70, 95% CI: 1.84-417.27) compared to
those without probable GERD. No significant differences were observed between probable GERD and non-GERD
groups in gender (p = 0.409, OR = 0.80, 95% CI: 0.51-1.26), BMI (p = 0.843, OR = 1.01, 95% CI: 0.97-1.05), or
neck circumference (p = 0.905, OR = 1.00, 95% CI: 0.96-1.06) (Table 2).

Multivariable logistic regression confirmed the independent associations between these variables and probable GERD
after adjusting for relevant confounders, including age, WHR, and sleeping SBP. Anxiety (HADS-A > 8) was associated
with higher odds of probable GERD (adjusted OR (aOR) = 2.18, 95% CI: 1.40-3.39, p = 0.001), as was depression
(HADS-D > 8, aOR = 2.10, 95% CI: 1.34-3.29, p = 0.001). Poor sleep quality (PSQI > 9) demonstrated the strongest
independent association with probable GERD (aOR = 3.32, 95% CI: 2.10-5.27, p < 0.001). Additionally, each year of
increased age was linked to a higher likelihood of probable GERD (aOR = 1.02, 95% CI: 1.00-1.03, p = 0.016 to p =
0.035, across models). No significant associations were observed between BMI, neck circumference, or gender and

GERD in either univariate or multivariable analyses (Table 3).

Table 2 Crude Associations Between the Study Variables
and Probable GERD

Study Variables Crude OR (95% CI) | p-value
Age, years 1.02 (1.01, 1.04) 0.004
Male vs Female 0.80 (0.51, 1.26) 0.409
BMI, kg/m? 1.01 (0.97, 1.05) 0.843
Mean HR, bpm (n=875) 1.00 (0.98, 1.03) 0.717
HADS-A = 8 (vs < 8) 2.07 (1.33, 3.20) 0.001
HADS-D = 8 (vs < 8) 2.10 (1.34, 3.27) 0.001
PSQI 29 (vs < 9) 3.46 (2.19, 5.47) <0.001
WHR 27.70 (1.84, 417.27) 0.016
Neck circumference, cm 1.00 (0.96, 1.06) 0.871

Notes: Logistic regression analysis was used to estimate ORs and corre-
sponding 95% Cl in univariate analysis.P-values < 0.05 are shown in bold.
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; HR,
heart rate; bpm, beats per minute; HADS-A, Hospital Anxiety and
Depression Scale — Anxiety; HADS-D, Hospital Anxiety and Depression
Scale — Depression; PSQI, Pittsburgh Sleep Quality Index; WHR, waist-hip
ratio; GERDQ, Gastroesophageal Reflux Disease Questionnaire; OR, odds
ratio; Cl, confidence interval.
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Table 3 Multivariable Analysis of Associations Between HADS-A, HADS-D, PSQI, and Probable GERD

Model | Model 2 Model 3
aOR (95% CI) p-value aOR (95% CI) p-value aOR (95% CI) p-value
HADS-A = 8 (vs < 8) 2.18 (1.40, 3.39) 0.001 - -
HADS-D = 8 (vs < 8) - 2.10 (1.34, 3.29) 0.001 - -
PSQI =29 (vs < 9) - - - - 3.32 (2.10, 5.27) <0.001
Age, years 1.02 (1.00, 1.03) 0.016 1.02 (1.00, 1.03) 0.021 1.02 (1.00, 1.03) 0.035
WHR 16.30 (0.94, 282.21) 0.055 12.70 (0.76, 211.54) 0.077 8.90 (0.52, 151.31) 0.131

Notes: Logistic regression analysis was performed to estimate aORs and corresponding 95% Cls.Covariates that were significant in univariate
analysis were adjusted for use in multivariable models, including age (years) and WHR.Variables that were not in the models are indicated by a dash
(“-”).P-values of <0.05 are shown in bold.

Abbreviations: HADS-A, Hospital Anxiety and Depression Scale — Anxiety; HADS-D, Hospital Anxiety and Depression Scale — depression; PSQI,
Pittsburgh Sleep Quality Index; GERD, Gastroesophageal Reflux Disease; aOR, adjusted odds ratio; Cl, confidence interval; SBP, systolic blood
pressure; WHR, waist-hip ratio.

Joint Associations Between HADS-A with PSQI, HADS-S with PSQI, and Probable GERD
Analyses of the joint effects of HADS-A and PSQI scores associated with GERD are shown in Figure 1. Compared to
individuals with both low HADS-A and PSQI scores, those with high HADS-A but low PSQI scores showed a non-
significant trend toward an increased likelihood of probable GERD (aOR = 1.95, 95% CI: 0.92-4.15). Individuals with
low HADS-A but high PSQI scores had significantly higher odds of probable GERD (aOR = 3.43, 95% CI: 1.73-6.76)
compared to those with both low scores. Furthermore, individuals with both elevated HADS-A and PSQI scores
exhibited the highest odds of probable GERD (aOR = 4.74, 95% CI: 2.62-8.60). This progressive increase highlights
the joint impact of anxiety and poor sleep quality on GERD risk.

Regarding the potential joint effects of HADS-D with PSQI scores, individuals with elevated HADS-D and low PSQI
scores had significantly higher odds of developing probable GERD than those with low HADS-D and low PSQI scores
(aOR = 2.41, 95% CI 1.09-5.37). Similarly, individuals with low HADS-D and elevated PSQI scores had significantly
higher odds of probable GERD than those with low HADS-D and low PSQI scores (aOR = 3.62, 95% CI 2.03—6.46). In

aOR (95% CI)

HADS-A <8 and PSQI <9 Ref.

HADS-A >= 8 and PSQI <9 —— 1.95(0.92, 4.15)
HADS-A <8 and PSQI >=9 ! i 3.43 (1.73, 6.76)
HADS-A >= 8 and PSQI >=9 l i 4.74 (2.62, 8.60)
HADS-D <8 and PSQI <9 Ref.

HADS-D >= 8 and PSQI <9 P 2.41(1.09, 5.37)
HADS-D < 8 and PSQI >=9 e 3.62 (2.03, 6.46)

HADS-D >= 8 and PSQI >=9 F {

5.09 (2.72, 9.41)

Figure | Associations between the joint effects of Hads-A, HADS-S, and PSQI scores and probable GERD.

Notes: Logistic regression was performed to estimate adjusted odds ratios and the corresponding 95% confidence interval. Covariates that were significant in univariate
analysis were adjusted for use in multivariable models, including age (years) and WHR.

Abbreviations: HADS-A, Hospital Anxiety and Depression Scale — Anxiety; HADS-D, Hospital Anxiety and Depression Scale — Depression; PSQI, Pittsburgh Sleep Quality
Index; SBP, systolic blood pressure; WHR, waist-hip ratio.
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addition, individuals with both high HADS-D and PSQI scores had the greatest odds of probable GERD (aOR = 5.09,
95% CI 2.72-9.41) (Figure 1).

Discussion

The large-scale design of this study revealed that individuals with anxiety (HADS-A > 8), depression (HADS-D > 8), and
poor sleep quality (PSQI > 9) had 2-3 times higher likelihood of the presence of probable GERD (GERDQ > 9) after
adjusting for relevant demographic and clinical parameters, including age, SBP, and WHR. Importantly, the present study
is one of the few to examine the joint associations of anxiety, depression, and poor sleep quality on probable GERD. The
findings have demonstrated that the combined use of HADS-A and PSQI or HADS-D and PSQI revealed stronger
associations with probable GERD.

Associations between GERD and sleep disturbances are common in clinical settings, often coexisting and mutually
influencing each other. Although causality cannot be established due to the cross-sectional design, the combined associa-
tions observed in this study may be explained by overlapping pathophysiological pathways. Both anxiety and sleep
disturbances have been linked to heightened visceral hypersensitivity, altered central pain processing, and autonomic
dysregulation—all of which can amplify esophageal discomfort and impair lower esophageal sphincter function. These
mechanisms may collectively contribute to the exacerbation of GERD symptoms. Conversely, GERD—particularly
nocturnal reflux—may disrupt sleep and contribute to stress and mood disturbances, creating a potential vicious cycle.

Previous research has consistently demonstrated that approximately half of patients with GERD may experience
nighttime awakenings because of the sensation of heartburn.** Sleep deficiency has also demonstrated individuals’
enhanced perception of visceral stimuli leading to esophageal hypervigilance. Findings of the present study align with
and are supported by previous study results that highlight the associations between sleep disturbances and heightened
esophageal sensitivity in patients with GERD.*>*® An earlier study by Schey et al*> demonstrated that sleep deprivation
leads to hyperalgesia in patients with GERD, evidenced by a decreased lag time to symptom onset and increased
symptom intensity in response to esophageal acid perfusion. This suggests that lack of sleep exacerbates GERD
symptoms, likely through increased sensitivity to esophageal stimuli. However, that study did not evaluate associations
between GERD and anxiety and depression. To further support these findings, a recent systematic review by El Hage
Chehade et al*” highlighted a significant association between obstructive sleep apnea and GERD, suggesting that sleep-
related physiological changes, such as increased intra-abdominal pressure, may exacerbate reflux symptoms.
Additionally, a study by Li et al*® used ordered logistic regression to confirm a correlation between GERD and
anxiety/depression, reinforcing the psychological component of GERD symptom perception.

Similar to results mentioned above, Yi et al®®

further confirmed that sleep disturbances significantly enhanced
esophageal sensitivity to capsaicin by showing that patients with poor sleep exhibited shorter lag times and a greater
intensity of heartburn perception in response to capsaicin infusion. Collectively, these studies support the present findings
that disrupted sleep may play a key role in amplifying symptom severity in patients with GERD, likely via mechanisms
involving heightened sensory responses to typical reflux stimuli.

The PSQI cut-off value may vary depending on the population and clinical context. For instance, a cut-off score of
9.5 has been used in patients with obstructive sleep apnea (OSA) to differentiate good and poor sleep quality, supported
by its correlation with objective measures such as sleep efficiency and total sleep time from polysomnography findings.?
Similarly, a cut-off score of 7 has been shown to effectively evaluate sleep disturbances in patients with brain injury or
cancer, reflecting the specific characteristics of these populations.*>! In the general population, the PSQI cut-off value is
commonly set at 5 to distinguish good from poor sleep quality. However, this threshold may not adequately capture the
severity of sleep disturbances in specialized cohorts. In the present study, the PSQI cut-off threshold was adjusted to 9 to
better align with the characteristics of the study population—patients with pronounced sleep difficulties seeking care at
a tertiary hospital sleep center. This adjustment enhances specificity and ensures the identification of clinically significant
sleep disturbances, enabling a more accurate assessment of their associations with GERD.

Associations between GERD and stress in life was also investigated. In a prospective study involving 105 patients
with GERD, GERDQ scores correlated with results from psychological assessments, including the Beck Anxiety

8-32

Inventory, Beck Depression Inventory-II, and Somatic Symptom Scale Results of another retrospective literature
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review demonstrated an association between GERD symptoms and scores of the Esophageal Hypervigilance and Anxiety
Scale, a questionnaire designed for the cognitive-affective evaluation of visceral sensitivity.*> Therefore, correlations
between GERD and anxiety/depression have been clearly demonstrated, but evidence is lacking to show whether sleep
has a common effect on anxiety and depression.

The bidirectional relationship between GERD and psychological conditions requires attention.>* Not only do anxiety
and poor sleep quality aggravate GERD, but persistent discomfort and disruption caused by GERD symptoms,
particularly nocturnal reflux, may also perpetuate or worsen anxiety, depression, and sleep disturbances, creating
a vicious cycle.>> This underscores the need for integrated treatment approaches that address both psychological and
physiological aspects of GERD in patients with comorbid conditions. By interrupting this cycle, either by improving
sleep quality, managing psychological distress, or optimizing GERD treatment, clinicians may achieve better symptom
control and improve the overall quality of life of these patients.>*® Results of the present study indicate that individuals
with anxiety/depression combined with sleep disorders need to be more vigilant about the possibility of GERD, allowing
for earlier intervention to disrupt this cycle. To facilitate this, clinicians in sleep or psychiatric outpatient clinics could
integrate brief screening tools, such as the HADS and PSQI, to identify patients at higher risk of GERD, prompting
earlier gastroenterological evaluation and multidisciplinary care. For example, routine use of these questionnaires in sleep
clinics could help detect probable GERD in patients presenting with sleep disturbances and psychological distress,
enabling timely referrals and interventions.

The diagnosis of GERD is often challenging owing to its diverse and non-specific symptoms, including heartburn,
acid reflux, and difficulty swallowing. These symptoms can easily be mistaken for other conditions such as angina or
indigestion. Some patients may even have “silent GERD” with no typical symptoms, or present with atypical signs, such
as chronic cough or sore throat, leading to underdiagnosis or delayed diagnosis.>® Although diagnostic tools such as
upper endoscopy or 24-hour esophageal pH monitoring are accurate, their high cost, invasiveness, and limited accessi-
bility make widespread use difficult, complicating early detection.*” These challenges emphasize the importance of
effective screening tools. Questionnaires, such as the GERDQ, have shown good sensitivity and specificity; however,
standardized screening processes are still lacking.'® This is particularly problematic in patients with comorbid anxiety,
depression, or sleep disturbances as these conditions may mask or confuse GERD symptoms, making the diagnosis even
more complex.*® In summary, clinicians should be aware in daily practice that patients with both elevated anxiety and
poor sleep quality, as indicated by high HADS-A or HADS-D and PSQI scores, may be at a significantly higher risk of
developing GERD. Screening for sleep quality using tools, such as the PSQI in combination with the HADS may be
beneficial for the early identification of at-risk individuals.

From a clinical standpoint, our findings suggest that elevated HADS or PSQI scores may serve as supportive
indicators prompting further GERD evaluation. Routine GERD screening in patients with high levels of psychological
distress or poor sleep may aid in earlier identification of comorbid GERD, although its implementation must be balanced
against resource limitations and the potential for overdiagnosis. Integrating brief symptom questionnaires in mental
health or sleep clinics could be a practical first step in multidisciplinary care. Once again, it should be clarified that we do
not consider the HADS and PSQI to be diagnostic tools for GERD. Instead, based on the findings of this study, their
potential utility lies in enhancing clinical awareness and raising suspicion of GERD, particularly in cases presenting with
overlapping symptoms.

Strength and Limitations

This study was strengthened by the use of widely accepted, previously validated and reliable questionnaires to evaluate
sleep disturbances and psychological distress, thereby enhancing the clinical applicability of results. The inclusion of
a substantial sample size was adequate to validate the cumulative positive effects of anxiety and sleep quality on the risk
of GERD.

However, interpretation of results is limited by several factors. First, no a priori power analysis was performed due to
the retrospective design; however, post-hoc analyses based on the main regression models indicated adequate statistical
power (95.8%, 90.7%, and 99.0% for Models 1-3, respectively), supporting the robustness of the findings. Second,
GERDQ was used to define probable GERD rather than confirm diagnosis through objective tools like endoscopy or 24-
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hour pH monitoring, which may lead to potential misclassification bias. Third, self-reported questionnaires such as
HADS, PSQI, and GERDQ are subject to recall bias and may not fully reflect clinical severity, potentially exacerbated by
their self-administration via tablet in this study. Fourth, the generalizability of these findings may be limited due to the
study’s single-center design at a tertiary hospital in Taiwan and its focus on a predominantly Taiwanese population,
which may not fully reflect diverse clinical or cultural contexts. Additionally, the study did not control for lifestyle factors
such as diet, caffeine intake, smoking, or medication use, which could influence GERD symptoms and represent
a limitation in interpreting the observed associations. Fifth, while patients were referred from various outpatient
departments, the exact distribution across specialties and the presence of underlying gastrointestinal or psychiatric
conditions were not recorded, limiting interpretation of background influences. Furthermore, the somatic symptoms of
depression—such as appetite changes or gastrointestinal discomfort—may overlap with GERDQ-assessed symptoms,
potentially inflating associations between HADS-D scores and probable GERD. Since both questionnaires rely on
subjective symptom reporting, it is difficult to distinguish whether certain gastrointestinal symptoms are due to true
reflux or depression-related effects. Additionally, data on antidepressant use, which can independently cause gastro-
intestinal side effects, were not available, introducing potential residual confounding.

Future research should utilize objective diagnostic measures of GERD to validate whether the psychological and
sleep-related indicators assessed in the present study can reliably support GERD risk assessment. Additionally, long-
itudinal studies and interventional designs are needed to better assess causality and determine whether treating anxiety,
depression, or sleep disturbances influences GERD outcomes.

Conclusions

This large-scale study demonstrates that poor sleep quality, anxiety, and depression are associated with the presence of
probable GERD among patients with sleep problems. While these psychological and sleep-related factors may help raise
clinical awareness, they should not be interpreted as predictive tools. The combined use of validated tools such as HADS
and PSQI may facilitate early identification of patients at higher risk for GERD and support integrated management
strategies in sleep and gastroenterology clinics. Clinicians should consider GERD as a possible comorbidity in patients
presenting with both sleep disturbances and psychological symptoms. Future longitudinal studies are warranted to clarify
causal relationships, and interventional trials may help determine whether improving sleep quality or treating psycho-
logical distress can reduce GERD symptoms.
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