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Association between Poor Sleep 
Quality and Subsequent Peptic 
Ulcer Recurrence in Older Patients 
with Mild Cognitive Impairment: 
Examining the Role of Social 
Engagement
Boye Fang1, Shuyan Yang2, Ruirui Xu3 & Gengzhen Chen3

This study aims to examine whether perceived poor sleep quality predicts subsequent recurrence of 
peptic ulcer disease (PUD) in older patients with mild cognitive impairment following Helicobacter pylori 
eradication and to investigate whether social engagement status alters this association. Of 1,689 older 
patients with H. pylori-infected PUD recruited from eight Grade-A hospitals in the People’s Republic 
of China between 2011 and 2014, H. pylori was eradicated and PUD cleared in 1,538 patients by the 
end of 2014; 1,420 of these were followed for up to 36 months. The Kaplan–Meier method was used to 
compare the proportion of PUD recurrence, as confirmed with esophagogastroduodenoscopy, among 
older patients with different levels of sleep quality and social engagement statuses. Multivariate Cox-
proportional hazards models were performed to examine the association between sleep quality and 
PUD recurrence, and the role of social engagement in altering this relationship. The results showed that 
PUD recurrence was more prevalent in poor (10.8%) compared with good sleepers (5.5%). However, 
increased and continued social engagement reduced the proportion to 7.2% and 8.2% among poor 
sleepers, respectively. Poor sleep quality was associated with subsequent PUD recurrence (hazard ratio 
[HR] 1.965 (1.002, 3.518)). However, no significant difference was observed between good and poor 
sleepers who reported increased (HR 1.428 (0.736, 2.380)) and continued (HR 1.273 (0.915, 2.492)) 
social engagement, suggesting that increased and continued social engagement prevented the effect 
of poor sleep quality on PUD recurrence. To conclude, poor sleep quality is associated with subsequent 
PUD recurrence. However, increased and continued social engagement may moderate this association.

Poor sleep quality1 and peptic ulcer disease (PUD)2 are public health issues that reduce quality of life among older 
adults. Partially attributed to age-related increases in comorbid conditions, medication use, and sleep structure 
changes, poor sleep quality is found in over one third of older adults worldwide3. PUD, which is defined as 
peptic injury of the digestive tract leading to a mucosal break reaching the submucosa that usually occurs in the 
stomach and/or proximal duodenum4, is particularly prevalent among older adults2. Although treatment to erad-
icate Helicobacter pylori has effectively reduced the rate of PUD recurrence from over 40% to 5–25%5–7, a 2-year 
prospective study concluded that only a minority of H. pylori-reinfected patients experienced PUD recurrence 
and that none of the patients who experienced PUD recurrence screened positive for H. pylori reinfection7. This 
suggests the existence of alternative pathways in the course of PUD recurrence.

Indeed, emerging clinical evidence has suggested that sleep quality may have an impact on gastrointestinal 
health. During deeper sleep stages, defensive factors against PUD development and recurrence such as gastric 
bicarbonate efflux, gastric mucosal blood flow, and melatonin secretion were found to increase, while aggressive 
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mediators such as gastrin secretion decreased8–10. These protective systems can be impaired by poor sleep quality, 
including difficulties falling asleep, multiple nighttime awakening, and early waking10,11. In particular, decreased 
prostaglandin levels and blood supply to the gastric mucosa resulting from aging can further increase the risk 
of PUD and complications in elderly poor sleepers2,12. Increased psychological stress was also observed in older 
adults who experienced sleep disturbances12, which further affects gastroduodenal acid secretion and impairs 
the biological defence against ulcerogenic agents11–13. Consistently, available empirical findings have suggested 
that older patients (≥80 years) with PUD experienced poorer sleep quality than their counterparts without 
PUD13. A more recent study further showed that women who slept for less than 7 h/day were nearly twice as 
likely to develop PUD than those who slept for more than 9 h/day12. However, the cross-sectional design of these 
studies cannot test the temporal association between sleep quality and PUD. Additionally, these studies solely 
depended on retrospective self-reports for information regarding PUD occurrence and did not specify whether 
PUD referred to the first ulcer onset or recurrent ulcer(s), which further undermine the validity of the reported 
associations.

The Activity Theory argues that social engagement is important for achieving positive adjustment in old age, 
and that continued engagement in meaningful social activities helps maintain positive attitude and good health 
condition14. Consistently, a number of studies have suggested a positive relationship between social engagement 
and improved physical and psychological wellbeing in older people14–16. Therefore, it is likely that maintenance 
of social engagement plays a role in the association between poor sleep quality and subsequent PUD recurrence, 
which has yet been tested in exiting literature. To address these limitations, this study analysed 3-year longitudinal 
data to examine the long-term effect of poor sleep quality on subsequent PUD occurrence in older adults and 
evaluated the role of social engagement in altering this trajectory.

Methods
Baseline.  dong Province of the People’s Republic of China. From January 2011 to October 2014, older patients 
(≥55 years) with mild cognitive impairmentdong Province of the People’s Republic of China. From January 
2011 to October 2014, older patients (≥55 years) with mild cognitive impairment (MCI) diagnosed with H. 
pylori-infected PUD were referred to the baseline study. MCI was determined based on available clinical and 
neuropsychological information and was made by consensus of a panel of neuropsychologists, neurologists, and 
psychiatrists according to the international guidelines of Petersen criteria17. A peptic ulcer refers to any circum-
scribed break of ≥5 mm in diameter with apparent depth covered with exudates occurring in the duodenum or 
stomach as determined by endoscopic examination conducted using the same type of endoscope (GIF-XQ260, 
Olympus Optical Co., Ltd., Tokyo, Japan). H. pylori infection was confirmed by positive rapid urease test (RUT; 
Ballard Medical Products, Draper, UT, USA) and histological examination. Severity of inflammation was graded 
using the Sydney System18.

Patients with previous H. pylori eradication treatments, malignancy, previous gastroduodenal operation, 
Zollinger–Ellison syndrome, or who had received anti-ulcer treatment or ulcerogenic drugs (i.e., nonsteroidal 
anti-inflammatory drugs, or anticoagulant and antiplatelet drugs) in the past 3 months were excluded.

Among the 2,080 patients that met the inclusion criteria, 1,689 (81.2%) who provided informed consent were 
successfully recruited. These patients received a 10-day anti-pylori treatment with esomeprazole (20 mg b.i.d.), 
amoxicillin (1000 mg b.i.d.), and clarithromycin (500 mg b.i.d.), followed by a 4-week anti-ulcer therapy with 
omeprazole (20 mg b.i.d.). A confirmation test was conducted 4 weeks after discontinuation of the anti-ulcer 
therapy to avoid false-negative results. Negative RUT results were considered indicative of successful eradication 
of H. pylori. Healing of ulcers was confirmed by endoscopic and histological examinations.

Follow-up.  By the end of 2014, 1,538 (91.1%) patients achieved H. pylori eradication and healed PUD. Four 
weeks later, these patients were invited to have an esophagogastroduodenoscopy (EGD) examination to detect 
PUD recurrence and a RUT and pathological examination to determine H. pylori reinfection at 6-month inter-
vals for up to 36 months, regardless of the presence or absence of PUD symptoms. Of these patients, 118 failed to 
complete the follow-up study due to the use of ulcerogenic (n = 48) or anti-ulcer (n = 20) medications, receipt of 
gastroduodenal operation (n = 12) or sleep treatments (n = 24), presence of malignancy (n = 5), failure of contact 
(n = 3), missing data (n = 4), and death (n = 2). No significant differences were found between participants and 
non-participants regarding gender and age. A minimal sample size of 1,054 was required to achieve a statistical 
power of 0.9 to detect an effect size of 0.2 at a probability level of 0.05. This study was approved by the ethics com-
mittee of Shantou University Medical College. All procedures performed in studies involving human participants 
were in accordance with the ethical standards of the institutional and/or national research committee and with 
the 1964 Helsinki declaration and its later amendments or comparable ethical standards.

Measurements.  Outcome variable. Recurrent PUD was defined as the presence of recurrent active- or 
healing-stage ulcers in the duodenum or stomach at least 6 months after the initial diagnosis as confirmed by 
EGD.

Major independent variables. Self-perceived sleep quality was assessed using the 19-item self-administered 
Pittsburgh sleep quality index (PSQI), covering seven components of sleep quality (subjective sleep quality, sleep 
duration, sleep latency, habitual sleep efficiency, sleeping medication use, sleep disturbances, and daytime dys-
function) in the preceding month19. With a potential range of 0–21, a score of <5 and ≥5 indicated good and 
poor sleep quality, respectively. The PSQI has been demonstrated to exhibit adequate psychometric properties in 
its previous use in older Chinese individuals19. In this study, the PSQI displayed an internal reliability alpha of 
0.78. The PSQI was measured at 6-month intervals and an average score was used for subsequent analysis.

Patients screened with poor sleep quality were further examined for changes in engagement in the following 
social activities: (1) interacting with relatives, friends, or neighbours, (2) participating in hobby groups (such 
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as playing chess, Mahjong, cards, or other hobby groups), (3) attending sports groups (such as dancing, fitness, 
Qigong, Tai Chi, yoga, or other sports), (4) attending community-related organisations, and (5) doing voluntary 
or charity work. These items have been used in previous research of older Chinese individuals, with good psycho-
metric properties reported20. Patients were then categorised into five mutually exclusive groups: Group 1 (with 
good sleep quality), Group 2 (with poor sleep quality and increased social engagement: at least one more activity 
at endpoint than at baseline), Group 3 (with poor quality and continued social engagement: the same number of 
activities at baseline and at endpoint that were greater than 0), Group 4 (with poor sleep quality and decreased 
social engagement: at least one fewer activity at endpoint than at baseline), and Group 5 (with poor sleep quality 
but without social engagement: no engagement in any activity at either baseline or endpoint).

Control variables. Sociodemographic characteristics were retrieved from the patients’ medical records, includ-
ing age, gender, body mass index, socioeconomic status (whether the patient is living under local poverty line), 
previous ulcer locations (gastric, duodenal, and gastric-duodenal), and chronic conditions (cardiovascular dis-
ease, cerebrovascular disease, diabetes mellitus, renal disease, and liver disease). Excessive alcohol consump-
tion was defined as >175 g/week for men and >105 g/week for women. Cigarette smoking was defined as ≥20 
cigarettes/week. Self-rated depressive symptoms were assessed using the 10-item Chinese version of Center for 
Epidemiological Studies Depression Short Form (CES-D)21. Participants rated the frequency of which they had 
experienced each of the listed mood and behavioural symptoms in the past week (0 = rarely or none of the time, 
1 = some of the time, 2 = most of the time). Two items indicating a positive affect were reversely coded. With 
a potential range of 0–18, a higher sum score indicates a higher severity of depressive symptoms. The Chinese 
CED-D has displayed desirable validity and reliability in previous research21. This study recorded an internal 
alpha of 0.82 for the CED-D. The CED-D was measured at 6-month intervals and an average score was used for 
subsequent analysis. The seven-item Generalized Anxiety Disorder Assessment (GAD-7) was used to assess the 
severity of generalised anxiety disorder (GAD)22. The participants rated the frequency of which they had experi-
enced each of the listed symptoms of GAD in the past two weeks (0 = not at all, 1 = several days, 2 = more than 
half the days, 3 = nearly every day). With a potential summed score ranging from 0 to 21, a higher score suggests 
a greater severity of GAD and the threshold score of 10 indicates GAD. The Chinese GAD-7 is available and has 
demonstrated adequate psychometric properties in previous research22. Cognitive impairment was assessed using 
the Chinese version of the Mini-Mental State Examination (CMMSE), which has shown adequate psychometric 
properties in the diagnosis of dementia23. With a potential range of 0–30, a higher score indicates better cognitive 
function. The CMMSE has an internal alpha of 0.839 in this study.

Data analysis.  Data were analysed using SPSS 21.0 for Windows (SPSS Inc., Chicago, IL, USA). Sample char-
acteristics and endoscopic findings were summarised as descriptive data. Continuous variables were described as 
means ± standard deviation (SD) and tested with analyses of variance after normality check. Categorical variables 
were presented as ns (%) and assessed with the chi-square test. Multivariate Cox-proportional hazards models 
were performed to investigate the association between poor sleep quality and subsequent PUD recurrence, con-
trolling for sociodemographic variables and significant confounders in bivariate analyses (Model 1). In Model 
2, an interaction term of poor sleep quality × change in social engagement status was developed to ascertain 
whether changes of engagement in social activities may moderate the relationship between poor sleep quality 
and subsequent PUD recurrence. To further test this potentially moderating effect, an additional model was con-
structed to evaluate the difference of PUD recurrence risk among Groups 1, 2, 3, 4, and 5, as described in the pre-
vious section. Cumulative probabilities of PUD recurrence among groups were analysed using the Kaplan–Meier 
method. Prior to the performance of Multivariate Cox-proportional Hazards Models and Kaplan–Meier Curves, 
proportionality test was conducted and the predictors were found to satisfy proportional hazard assumption, 
suggesting that proportional hazard assumption was not violated. A p-value of <0.05 was considered statistically 
significant.

Results
Sample characteristics and PUD recurrence.  Over half of the patients at baseline were male (51.6%), 
with a mean age of 68.70 years (SD = 8.66) (Table 1). The results of the chi-square test revealed that, at baseline, 
living under the local poverty line, cardiovascular disease, excessive alcohol consumption, depressive symptoms, 
GAD, and poor sleep quality were more common in the PUD recurrence (+) group than in the PUD recurrence 
(−) group (Table 1). At follow-up, the proportion of H. pylori reinfection was significantly higher (67.8%) in the 
PUD recurrence (+) group than in the PUD recurrence (−) group (7.8%).

Proportion of PUD recurrence.  The EGD results revealed an overall 36-month cumulative PUD recur-
rence proportion of 8.2% (n = 118, annual recurrence incidence = 2.7%) in this study. Sixty patients with PUD 
recurrence reported symptoms such as stomachache (n = stomach ache (n = 20), acid reflux (n = 18), nausea 
(n = 9), feeling of fullness (n = 8), and heartburn (n = 5), while others remained asymptomatic. The proportion 
of PUD recurrence was higher in patients with poor sleep quality (10.8%) than in those with good sleep quality 
(5.5%) (Fig. 1). Among patients with poor sleep quality, increased and continued social engagement reduced 
the proportion of PUD recurrence to 7.2% and 8.2%, respectively. By contrast, a higher proportion of PUD 
recurrence was observed in poor sleepers who reported decreased (16.3%) or lack of social engagement (17.8%) 
(Fig. 2).

Association between poor sleep quality and subsequent PUD recurrence.  Multivariate 
Cox-proportional hazards model (Model 1 in Table 2) showed that poor sleep quality increased the risk of PUD 
recurrence (hazard ratio [HR] 1.965 (1.002, 3.518)), after adjusting for a set of covariates. Other factors associated 
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with subsequent PUD recurrence were socioeconomic status (living under the local poverty line), the presence of 
cardiovascular disease, depressive symptoms, and GAD at baseline, as well as H. pylori reinfection at follow-up.

Moderating effect of change in social engagement.  Among the 1,420 patients, 852 (60.0%) reported 
good sleep quality (Group 1). Of the 568 (40.0%) patients who reported poor sleep quality, 218 (15.4%) reported 
increased social engagement (Group 2), 182 (12.8%) reported continued social engagement (Group 3), 108 (7.6%) 
reported decreased social engagement (Group 4), and 60 (4.2%) reported no social engagement (Group 5). To 
test whether specific changes of engagement in social activities may moderate the association between poor sleep 
quality and subsequent PUD recurrence, an interaction term of poor sleep quality × change in social engagement 
status was added into Model 2 (Table 2). The results showed that poor sleep quality × decreased level of social 
engagement (HR 2.008 (1.169, 3.366)), poor sleep quality × unchanged level of social engagement (HR 1.836 
(1.050, 3.079)), and poor sleep quality × decreased level of social engagement (HR 1.566 (1.008, 2.989)) were 
significant interaction terms. To further understand the potentially moderating effect of the change in social 
engagement, additional multivariate analyses were conducted to assess the subsequent risk of PUD recurrence 
in these five groups, with Group 1 as the reference group (Model 3, Table 3). The results indicated no significant 
differences between Group 1 and either Group 2 (HR 1.428 (0.736, 2.380)) or Group 3 (HR 1.273 (0.915, 2.492)), 
suggesting that although poor sleep quality augmented the subsequent risk of PUD, poor sleepers who increased 
or maintained social engagement did not necessarily follow this trend. Increased or maintained social engage-
ment helped prevent the effect of poor sleep quality on PUD recurrence. Compared with Group 1, Group 4 (HR 
1.539 (1.008, 2.568)) and Group 5 (HR 1.887 (1.013, 3.429)) were subject to a higher risk of PUD recurrence, 
suggesting that poor sleepers with reduced or lack of social engagement were more likely to experience PUD 
recurrence than good sleepers.

Baseline Characteristics Total
PUD 
Recurrence (+)

PUD 
Recurrence (−) P-value

Number 1,420 118 1,302

Sociodemographic factors

   Age 68.70 ± 8.66 71.62 ± 9.86 68.71 ± 8.50 0.062

   Female gender 687 (48.4%) 57 (48.3%) 630 (48.4%) 0.078

   Body mass index (BMI) 23.6 ± 3.2 23.7 ± 3.3 23.6 ± 3.2 0.727

Living under local poverty line 213 (15.0%) 23 (19.5%) 190 (14.6%) 0.042

Pre-existing peptic ulcer locations 0.568

   Gastric 550 (38.7%) 45 (38.1%) 505 (38.8%)

   Duodenal 834 (58.7%) 69 (58.5%) 765 (58.8%)

   Gastric-duodenal 36 (2.5%) 4 (3.4%) 32 (2.5%)

Medical conditions

   Cardiovascular disease 393 (27.7%) 43 (36.4%) 350 (26.9%) 0.009

   Cerebrovascular disease 341 (24.0%) 32 (27.1%) 309 (23.7%) 0.058

   Diabetes mellitus 426 (30.0%) 39 (33.1%) 387 (29.7%) 0.055

   Renal disease 111 (7.8%) 10 (8.5%) 101 (7.8%) 0.091

   Liver disease 253 (17.8%) 20 (16.9%) 233 (17.9%) 0.098

Cognitive status (C-MMSE) 21.85 ± 4.76 21.07 ± 5.18 22.09 ± 4.08 0.627

Cigarette smoking 398 (28.0%) 33 (28.0%) 365 (28.0%) 0.259

Excessive alcohol consumption 94 (6.6%) 22 (18.6%) 72 (5.5%) <0.001

Psychological factors

   Depressive symptoms 326 (23.0%) 47 (39.8%) 279 (21.4%) <0.001

   Generalized Anxiety Disorders 369 (26.0%) 37 (31.4%) 332 (25.5%) 0.027

Sleep quality (0–21) 7.03 ± 4.41 11.73 ± 4.43 6.58 ± 4.12 <0.001

   Good (0–4) 852 (60.0%) 56 (47.5%) 796 (61.1%)

   Poor (5–21) 568 (40.0%) 62 (52.5%) 506 (38.9%)

Poor sleep quality + increased social engagement 218 (15.4%) 17 (14.4%) 201 (15.4%)

Poor sleep quality + continued social engagement 182 (12.8%) 16 (13.6%) 166 (12.7%)

Poor sleep quality + decreased social engagement 108 (7.6%) 18 (15.3%) 90 (6.9%)

Poor sleep quality + no social engagement 60 (4.2%) 11 (9.3%) 49 (3.8%)

Follow-up characteristics

H. pylori reinfection 182 (12.8%) 80 (67.8%) 102 (7.8%) <0.001

Duration of follow-up 34.62 ± 3.17 33.88 ± 3.68 34.83 ± 3.01 0.126

Table 1.  Sample Characteristics and Endoscopic Findings in Older Patients (n = 1,420). †Data presented as 
number (%), mean (SD).
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Discussion
This study yielded an overall 36-month cumulative proportion of PUD recurrence of 8.2% and an annual inci-
dence of 2.7%. This is higher than the annual incidence of 1.9% documented in Japanese patients with a mean age 
of 56.5 years and followed for 4 years6, but lower than the annual incidence of 5.5% reported in a 24-month obser-
vation based on a clinical sample (mean age = 55.1 years) in Taiwan7. Discrepancies in the rate of PUD recurrence 
may be attributed to methodological variations, such as the length of observation period and patient selection.

The present data tentatively suggest a higher risk of PUD recurrence in older patients with poor sleep qual-
ity, especially when the poor sleepers are also subject to reduced or lack of social engagement. The pathway 
underlying the association between poor sleep quality and PUD recurrence remains inconclusive. One plausible 
explanation is that gastric mucosal blood flow, which may accelerate ulcer healing, can increase during sleep11,12. 
Gastric acid secretion has also been found to decrease during rapid eye movement sleep, possibly resulting from 

Figure 1.  Kaplan-Meier survival analysis comparing peptic ulcer recurrence in patients with different levels of 
sleep quality. Cumulative incidence curves show the differences of time and peptic ulcer recurrence events in 
patients with (1) good sleep quality and (2) poor sleep quality. P-value presents the statistical difference between 
the two groups in log-rank test.

Figure 2.  Kaplan-Meier survival analysis comparing peptic ulcer recurrence in patients with different levels of 
sleep quality and change of social engagement. Cumulative incidence curves show the differences of time and 
peptic ulcer recurrence events in patients with (1) good sleep quality, (2) poor sleep quality and increased social 
engagement, (3) poor sleep quality and continued social engagement, (4) poor sleep quality and decreased 
social engagement, and (5) poor sleep quality and no social engagement. P-value presents the statistical 
difference between the five groups in log-rank test.
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a decrease in plasma noradrenaline and histamine release during this stage of sleep9,13. However, compromised 
sleep quality is likely to impair these protective mechanisms against repeated gastric mucosal injuries11.

Another probable explanation may be associated with the autonomic and enteric nervous systems. The 
gut-brain axis functions through mechanisms involving intestinal permeability, enteroendocrine signalling, and 
immune activation, which is important for regulating the digestive tract and maintaining the gut immune sys-
tem24. However, sleep disturbances and circadian rhythm disorders might interfere with its normal function, 
potentially altering gastrointestinal susceptibility to ulcerogenic agents11. Experimental evidence has also sug-
gested that poor sleep quality is likely to generate depression24,25, which has also been found as a significant 
factor associated with PUD recurrence in this study. Depression can stimulate psychological stress, which may 
dysregulate sympathoadrenal stress response mechanisms and the hypothalamic-pituitary-adrenal axis24. It is 
possible that such neuroendocrinological abnormalities can further impair gastroduodenal function and alter 
acid secretions10, which might contribute to an elevated risk of PUD recurrence.

Melatonin, a hormone produced by the pineal gland that regulates sleep and wakefulness, might also affect 
the association between poor sleep quality and PUD recurrence. Melatonin has been found to serve as a potent 
stimulant of bicarbonate that can accelerate ulcer healing by inhibiting gastric acid secretion, increasing gastric 
mucosal blood flow, and interfering with prostaglandin-dependent pathways25. Additional evidence has sug-
gested that melatonin can protect against PUD recurrence by scavenging free radicals and accelerating mucosal 
microcirculation and cell proliferation10. However, poor sleep quality can lead to melatonin deficiency, which 
might further interfere with the potential protective effect of melatonin on PUD recurrence10.

Finally, sleep disturbance and deficiency can activate the release of proinflammatory cytokines such as inter-
leukin (IL)-1, IL-6, and IL-8, which might in turn activate inflammatory cells in patients with H. pylori-induced 
ulcers26. Meanwhile, recent evidence has suggested that elevated expression levels of endothelial growth factor C 

Variables

Multivariate Model 1a Multivariate Model 2b

HR (95%CI) P-value HR (95%CI) P-value

Demographic characteristics

   Age 1.739 (0.969, 3.295) 0.263 1.635 (0.872, 2.591) 0.190

   Female gender 0.901 (0.728, 1.239) 0.180 0.891 (0.690, 1.282) 0.219

   Body mass index (BMI) 1.392 (0.931, 2.308) 0.120 1.293 (0.849, 2.971) 0.271

   Socioeconomic status (Living under local poverty line) 1.298 (1.013, 2.308) 0.018 1.271 (1.001, 2.510) 0.028

Bacteriologic factors

   H. pylori reinfection 2.621 (1.410, 5.226) <0.001 2.695 (1.672, 4.059) ˂0.001

Behavioral factors

   Excessive alcohol consumption 1.523 (0.941, 2.082) 0.082 1.387 (0.950, 2.167) 0.092

Medical condition

   Cardiovascular disease 1.859 (1.256, 2.825) <0.001 1.756 (1.136, 2.767) 0.003

Psychological factors

   Depressive symptoms 2.079 (1.195, 3.608) 0.028 2.062 (1.175, 3.552) 0.046

   Generalized Anxiety Disorders 1.816 (0.916, 3.228) 0.085 1.756 (0.862, 3.174) 0.086

Change in the levels of social engagement

   Decreased 2.023 (1.218, 3.208) 0.019 1.958 (1.022, 3.027) 0.020

   Unchanged 1.668 (1.021, 2.075) 0.045 1.518 (0.977, 2.013) 0.069

   Increased 1.268 (0.766, 3.159) 0.227 1.194 (0.657, 2.938) 0.271

None (ref.)

Sleep Quality

   Poor 1.965 (1.002, 3.518) 0.026 1.906 (1.008, 3.139) 0.046

Good (ref.)

Interactions

   Poor sleep quality × decreased level of social engagement 2.008 (1.169, 3.366) 0.016

   Poor sleep quality × unchanged level of social engagement 1.836 (1.050, 3.079) 0.038

   Poor sleep quality × decreased level of social engagement 1.566 (1.008, 2.989) 0.049

   Poor sleep × no social engagement (ref.)

Table 2.  Interaction Effect between Poor Sleep Quality and Change in the Level of Social Engagement on 
Subsequent Peptic Ulcer Recurrence (n = 1,420). aMultivariate Model 1 includes age, female gender, BMI, 
socioeconomic status, H. pylori reinfection, cardiovascular disease, excessive alcohol consumption, depressive 
symptoms, Generalized Anxiety Disorders, and change in the levels of social engagement as covariates, and 
poor sleep quality as the major independent variable. bMultivariate Model 2 includes age, female gender, BMI, 
socioeconomic status, H. pylori reinfection, cardiovascular disease, excessive alcohol consumption, depressive 
symptoms, Generalized Anxiety Disorders as covariates; poor sleep quality and change in the levels of social 
engagement as the main effect; and poor sleep quality × change in the levels of social engagement as the tested 
interaction effect.
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in gastric mucosal inflammation induced by sleep apnea, sleep loss, and nighttime hypoxia are likely to increase 
the risk of developing PUD27,28.

A previous study reported no association between regular participation in sport groups and self-reported 
PUD development and recurrence29. Possibly due to methodological differences in terms of studied population, 
use of measurements, and assessment, this study yielded inconsistent results. Specifically, this study noted that 
increased and continued social engagement altered the impact of poor sleep quality on subsequent PUD recur-
rence, suggesting that heterogeneous patterns may exist in the association between sleep quality and gastro-
duodenal diseases depending on social engagement status. It is plausible that regular social engagement may 
improve sleep quality, as suggested by recent empirical findings30, which in turn might diminish the risk of PUD. 
Alternatively, older adults with poor sleep quality who maintain socially active tend to have better accessibility to 
social support, which may allow them to better cope with the psychological stress and depressive affect associated 
with poor sleep31, thus potentially decreasing the risk of stress-related gastroduodenal symptoms32, such as PUD 
and its recurrence.

The association between poor sleep quality and an elevated risk of subsequent PUD recurrence suggests the 
importance of providing proper sleep treatments to previous ulcer patients. In many countries around the world, 
even in places where non-pharmaceutical therapies are recommended as initial treatment (i.e. U.S and Canada), 
pharmacotherapy remains the mainstream therapeutic approach for sleep-related problems33. This is particularly 
true in China, where there is a significant shortage of qualified therapists for providing non-pharmacological 
sleep treatments34. Although non-pharmacological treatment such as cognitive behavioural therapy (CBT) has 
been shown to be effective and is recommended as an initial treatment for chronic primary and comorbid insom-
nia by the American Academy of Sleep Medicine34, pharmacotherapy remains the mainstay treatment for sleep 
disturbances in China33. Hence, it will be important to develop a systematic treatment protocol for older adults 
affected by sleep problems, especially those with previous PUD. Such a systematic protocol should consider inte-
grating pharmacotherapy with CBT, which has demonstrated effectiveness in increasing remission and treatment 
response and reducing PSQI scores among older adults35. Some evidence has shown that eszopiclone, zolpi-
dem, and ramelteon improved sleep outcomes in older adults; however, pharmacotherapy alone cannot be an 
ultimate and long-term solution35. Meanwhile, issues such as previous treatment responses, patient preference, 
comorbid conditions, contraindications, concurrent drug-drug interactions, and potential side effects should 
be considered when using pharmacotherapy34. Alternatively, given a higher proportion of PUD recurrence in 
patients with poor sleep quality, it is necessary to also regularly screen for PUD recurrence in poor sleepers who 

Multivariate Model 3a

Variables HR (95%CI) P-value

Sociodemographic factors

   Age 1.629 (0.860, 2.783) 0.179

   Female gender 0.902 (0.672, 1.361) 0.271

   Body mass index (BMI) 1.312 (0.865, 2.734) 0.086

   Socioeconomic status (living under local poverty line) 1.297 (1.008, 2.684) 0.027

Bacteriologic factors

   H. pylori reinfection 2.767 (1.582, 4.588) 0.006

Behavioral factor

   Excessive alcohol consumption 1.388 (0.980, 1.132) 0.076

Medical condition

   Cardiovascular disease 1.830 (1.225, 2.728) 0.004

Psychological factors

   Depressive symptoms 2.058 (1.171, 3.548) 0.043

   Generalized Anxiety Disorders 1.752 (0.858, 3.170) 0.089

Groups based on sleep quality and change of social engagement

   Group 1b (ref.)

   Group 2c 1.428 (0.736, 2.380) 0.382

   Group 3d 1.273 (0.915, 2.492) 0.083

   Group 4e 1.539 (1.008, 2.568) 0.025

   Group 5f 1.887 (1.013, 3.429) 0.043

Table 3.  Moderating Effect of the Change in the Levels of Social Engagement on the Association between Poor 
Sleep Quality and Subsequent PUD Recurrence (n = 1,420). aMultivariate Model 3 includes age, female gender, 
BMI, socioeconomic status, H. pylori reinfection, cardiovascular disease, excessive alcohol consumption, 
depressive symptoms, Generalized Anxiety Disorders as covariates, and groups based on sleep quality and 
change in the levels of social engagement as the major independent variable. bGroup 1: Participants with 
good sleep quality. cGroup 2: Participants with poor sleep quality and increased social engagement. dGroup 
3: Participants with poor sleep quality and continued social engagement. eGroup 4: Participants with poor 
sleep quality and decreased social engagement. fGroup 5: Participants with poor sleep quality and no social 
engagement.
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previously experienced PUD. Doing so requires interdisciplinary cooperation between geriatric psychiatrists and 
gastroenterologists.

Additionally, our findings that social engagement altered the impact of poor sleep quality on subsequent 
PUD recurrence empirically support the Activity Theory, which posits that older adults who maintain or initiate 
meaningful social activities are more likely to remain physically healthy14. Therefore, it is necessary for geriatric 
psychiatrists to routinely ask older patients with poor sleep quality about their social engagement levels and 
identify patients with social isolation or diminishing supportive networks. It is equally important for them to 
become familiar with available intervention resources in the local community, and make referrals when necessary. 
For older adults with more serious cognitive impairment, their primary caregivers should also be interviewed 
to obtain more reliable information. Considering the shortage of formal later-life social activities in China31, a 
promising approach to improve the accessibility and quality of social engagement among older Chinese individ-
uals is to develop multidisciplinary teams including physicians, psychiatrists, social workers, policy makers, and 
other community participants working together in a coordinated manner.

This study has several limitations. First, lacking experimental design means causal relationships cannot be 
confirmed between the predictors and PUD recurrence. Specifically, although this study suggests that poor sleep 
quality is associated with a higher risk of PUD recurrence in older patients with MCI, it is alternatively likely that 
psychological stress related to the experience of PUD symptoms might have contributed to a greater likelihood 
of poor sleep quality, which denotes the possibility of bi-directionality of the present results. Future studies with 
more rigorous experimental design are needed to verify the direction of this relationship. Second, although we 
have collected a relatively large sample for analysis, the dependence on convenience sampling means that the 
present results cannot be generalised to other older populations with MCI. Future empirical analyses using repre-
sentative data are needed to re-examine the present results. Third, although the measurement of sleep quality was 
administered by experienced and well-trained geriatric psychiatrists, the nature of the self-reporting approach 
is inherently subject to bias. Future research using data based on objective measurements of sleep quality may 
improve our understanding of the specific association revealed in this study. Lastly, although we have included 
a wide range of potential associated factors for PUD recurrence in the multivariate models, certain potential 
predictors such as stress, life adversity, and personality trait were not tested, as they were not available in our 
database. These limitations should be addressed in future empirical investigation.

Conclusions
This study tentatively revealed the differential longitudinal relationships between self-perceived poor sleep quality 
and subsequent PUD recurrence among older individuals with MCI, depending on social engagement status. 
Older adults with poor sleep quality appear to experience a higher risk of PUD than those with good sleep quality. 
However, increased or continued social engagement may alter this association by protecting older poor sleepers 
against PUD recurrence. These findings imply that the risk of PUD recurrence among older people with MCI 
may be reduced by improving sleep quality and providing easier access to meaningful social activities. If these 
findings are replicated in future studies using epidemiological data and experimental design, it will lead to an 
enhanced understanding of the roles of sleep quality and social engagement in PUD recurrence, which may shed 
light on the mechanism of this disease and help to identify new pathways for the prevention and treatments of 
PUD recurrence.
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