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Abstract: Objective: To clarify the relationship between constipation and depressive symp-
toms among the elderly. Methods: This single-center, cross-sectional study was performed
using baseline data obtained at the time of enrollment in the prospective cohort of the
JUSTICE-TOKYO study. Participants underwent assessments including patient profiling,
drug use history, the Mini-Mental State Examination (MMSE), the Geriatric Depression
Scale 15 (GDS-15), gastrointestinal-related quality of life (QOL), and the constipation scor-
ing system (CSS). Geriatric depressive symptoms were evaluated based on GDS-15. We
investigated correlations between GDS-15 scores and various abdominal symptoms and
assessed risk factors for geriatric depressive symptoms using multiple regression analysis.
Results: A total of 984 elderly participants (57% female, mean age 78.1 & 6.1 year) were
included. The GDS-15 scores were significantly correlated with body mass index (BMI)
(r=—0.056) and MMSE (r = —0.092), reflex-related QOL (r = 0.253), pain-related QOL
(r = 0.229), fullness-related QOL (r = 0.269), constipation-related QOL (r = 0.329), diarrhea-
related QOL (r = 0.264), and CSS (r = 0.285) scores. Multiple regression analysis indicated
that BMI (3 = —0.069, p = 0.020) and MMSE (3 = —0.074, p = 0.013), constipation-related
QOL (3 =0.136, p = 0.002), reflex-related QOL (3 = 0.126, p < 0.001), diarrhea-related QOL
(B =0.095, p = 0.006), and CSS (3 = 0.098, p = 0.016) scores were significantly correlated
with GDS-15 scores. Conclusions: Depressive symptoms among older individuals are
associated with various abdominal symptoms, particularly constipation. However, the
causality between depressive symptoms and constipation cannot be inferred due to the
study’s cross-sectional design.
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1. Introduction

In Japan, a hyper-aged society, the elderly population is projected to account for ap-
proximately 40% of the total population by 2060 [1]. Constipation becomes more common
with age [2]. Constipation not only impairs quality of life (QOL) [3] but also shortens life
expectancy by predisposing individuals to coronary artery disease and cerebrovascular
disease [4]. Recent studies have further linked constipation to frailty [5] and sarcopenia [6],
conditions commonly observed in the elderly. Chronic constipation has a complex and
multifactorial etiology, including diet, stress, medications, neurological issues [7], and psy-
chological distress [8]. There is growing evidence that changes in the intestinal microbiota
contribute to constipation and constipation-related symptoms. Chronic constipation is a
gastrointestinal disorder with symptoms characterized by difficulty or decreased frequency
of bowel movements, hardness of stools, and/or residual stools. It can cause discomfort
such as abdominal distention, abdominal pain, headache, dizziness, and loss of appetite [9].
In recent years, it has become clear that bidirectional communication between the gut
and brain via the gut-brain axis has significant implications for both gastrointestinal and
neurological health.

Older individuals are susceptible to developing depression [10]. Similar to constipa-
tion, depression diminishes QOL [11], reduces appetite [12], and may interfere with the
management of comorbidities, potentially impacting life expectancy [13]. It also predis-
poses individuals to sarcopenia [14], highlighting the need for early intervention.

Central serotonin (5-hydroxytryptamine [5-HT]) plays a crucial role in the mechanism
underlying the association between constipation and depression. Two distinct isozymes
of tryptophan hydroxylase (Tph), Tphl and Tph2, modulate 5-HT biosynthesis in non-
neuronal and neuronal systems [15]. Although Tph2 is responsible for 5-HT production
in the brain, >90% of the body’s 5-HT is synthesized in the gut via Tphl, mainly within
enterochromaffin cells, which are specialized intestinal epithelial cells. This process con-
verts 5-hydroxytryptophan (5-HTP) to 5-HT. Although the former can enter the central
nervous system to produce serotonin, the latter cannot cross the blood-brain barrier under
physiological conditions [16]. The gut microbiota plays a crucial role in intestinal 5-HT
production by increasing Tphl expression in colonic enterochromaffin cells [17].

However, there is limited literature addressing the relationship between constipation
and depressive symptoms in older individuals. Few studies have explored this association
in Japan, and even fewer have examined it in detail using tools such as the Izumo Scale
or the constipation scoring system (CSS), which assess gastrointestinal-related QOL and
constipation severity. We assessed the associations between constipation and depressive
symptoms among the older population.

2. Materials and Methods
2.1. Study Design

This single-center, cross-sectional study was performed using baseline data obtained at
the time of enrollment in the Juntendo Sarcopenia Registration of Exploring for Predictors
and Prognosis in Elderly in TOKYO (JUSTICE-TOKYO) study [18], which included older
outpatients (aged >65 years) treated at Juntendo Tokyo Koto Geriatric Medical Center
between November 2020 and November 2021. The JUSTICE-TOKYO study is a prospective
cohort designed to elucidate the clinical characteristics and prognosis of sarcopenia in the
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elderly. The study includes a 4-year follow-up, with annual evaluations (e.g., survival, falls,
hospitalization, and skeletal muscle mass); the study is expected to conclude in 2025. At
enrollment, baseline data (e.g., patient profiles, drug use history, abdominal questionnaires,
and neuropsychological examinations) were collected. Data were prospectively recorded
in the Research Electronic Data Capture (REDCap) system [19]. However, the information
does not include longitudinal assessments related to constipation or depression. Therefore,
in this study, we conducted a cross-sectional analysis based solely on baseline data collected
at the time of enrollment in the JUSTICE-TOKYO study to examine the relationship between
constipation and geriatric depressive symptoms. We investigated correlations between
GDS-15 scores and various abdominal symptoms and assessed risk factors for geriatric
depressive symptoms using multiple regression analysis.

2.2. Exclusion Criteria
Individuals fulfilling the below-mentioned criteria were excluded:

(i) Need for support during walking due to severe osteoarthritis or neuromuscu-
lar disease;

(i) Immobility;

(iii) Delirium tremens at presentation;

(iv) Prior gastrointestinal, renal, acute cerebrovascular, coronary, hepatic, or respira-
tory events;

(v) Inability to complete a questionnaire interview;

(vi) Life expectancy < 1 year due to malignancy.

2.3. Measurement of Baseline Variables

Study Instruments: We included patients with complete data, encompassing
the following:

(i) Patient Profile: Age, gender, body mass index (BMI), Brinkman index, and alcohol
intake (0 = rarely drinks alcohol; 1 = drinks alcohol 1-4 days/week; 2 = drinks alcohol
5-7 days/week).

(ii) Use of Therapeutic Agents: statins, acid secretion suppressants, and laxatives.

(iii) Neuropsychological Examinations: Geriatric Depression Scale 15 (GDS-15) and Mini-
Mental State Examination (MMSE) [20,21]. A shortened version of the GDS (GDS-15)
was used to assess depressive symptoms. GDS-15 scores are classified as follows:
scores of 0—4 are considered normal, scores of 5-9 indicate mild depression and scores
above 10 indicate moderate to severe depression [22]. The MMSE is a widely used,
reliable, and validated instrument used in screening for cognitive impairment. It
examines a few aspects of cognition, is easily performed, and requires 5 to 10 min to
administer. Its contents include orientation, attention, learning, calculation, abstrac-
tion, information, construction, and delayed recall. A high degree of correlation has
been shown between this test and standard tests of cognitive function.

(iv) Gastrointestinal-Related QOL: The Izumo scale is a 15-item self-administered tool
that assesses reflux, upper abdominal pain, fullness, constipation, and diarrhea on
a 5-point Likert scale [23]. Domain-specific QOL impairment is scored from 0 (no
impairment) to 15 (severe impairment).

(v) Constipation Severity: The CSS [24] evaluates eight items: frequency of bowel move-
ments, painful evacuation, incomplete evacuation, abdominal pain, duration per
attempt, assistance for evacuation, unsuccessful attempts at evacuation per 24 h, and
duration of constipation. The score ranges from 0 to 30, with higher scores indicating
more severe constipation symptoms.
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2.4. Statistical Analysis

Quantitative data are presented as mean =+ standard deviation. Non-normally dis-
tributed data (MMSE, GDS-15, gastrointestinal QOL score CSS score) are presented as the
median (IQR). In terms of the clinical characteristics of the study participants by GDS-15
severity, ANOVA analysis was performed for parametric data (BMI), and Kruskal-Wallis
tests were performed for nonparametric data (CSS score, reflux, pain, fullness, constipation,
diarrhea, and GDS score). Correlations between the GDS-15 score and clinical parameters
(age, BMI, Brinkman index, MMSE, reflux-related QOL score, upper abdominal pain-related
QOL score, fullness-related QOL score, constipation-related QOL score, diarrhea-related
QOL score, and CSS score) were investigated using Pearson’s correlation coefficients. For
the GDS scores, residuals were visually assessed using histograms and Q-Q plots. As
they appeared to be approximately normally distributed and nearly symmetrical, the ap-
plication of multiple regression analysis was deemed appropriate. Multiple regression
analysis was conducted to identify risk factors associated with elevated GDS-15 scores. All
independent variables including patient background characteristics, cognitive function
test scores, gastrointestinal-related quality of life measures, CSS scores, and medication
data were initially entered into the model simultaneously, and the stepwise method was
then used to refine the model. Multicollinearity was evaluated using variance inflation
factors (VIFs). Statistical analyses were conducted using SPSS version 28 software (IBM
Corporation). A p-value < 0.05 was considered indicative of statistical significance.

3. Results
3.1. Patient Characteristics

Figure 1 presents the patient selection process. Of the 1078 cases who were registered
in the JUSTICE-TOKYO study at Juntendo Tokyo Koto Geriatric Medical Center between
November 2020 and November 2021, 984 participants were eligible. Table 1 presents the
baseline data for 984 participants (557 females [57%]; mean age, 78.1 £ 6.1 years; mean BMI,
229+3.7kg/ m?2; MMSE score, 27 (25, 29); GDS-15 score, 4 (2, 6); reflex-related QOL score, 1
(0, 3); upper abdominal pain score, 0 (0, 1); fullness-related QOL score, 0 (0, 3); constipation-
related score, 1.5 (0, 4); diarrhea-related QOL score, 1 (0, 3); CSS score, 2 (1, 6)). Table 2
presents the clinical characteristics of the study participants by GDS-15 severity. There were
differences in the various abdominal symptom scores (gastrointestinal-related QOL score,
CSS score) according to the severity of GDS-15 among the three groups (p < 0.0001).

1,078 cases (who were registered in JUSTICE-TOKYO study at Juntendo Tokyo
Koto Geriatric Medical Center between November 2020 and November 2021)

— | Excluded 7 cases who refused to participate

Excluded 37 cases who refused to undergo
cognitive function tests

— | Excluded 26 cases who refused to complete
GDS-15

Excluded 24 cases who refused to complete
gastrointestinal-related QOL questionnaire

984 study participants

Figure 1. The patient selection process.

>
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Table 1. Clinical characteristics of study participants (n = 984).

Characteristics Value
Patient profile
Male/Female 427 (43.4)/557 (56.6)
Age (years) 78.1 + 6.1
BMI (kg/m?) 229 4 3.7
Brinkman index 360.8 + 612.7
Alcohol intake 0.5+ 0.8
Use of therapeutic agents
Statins
Yes/No 412 (41.9)/572 (58.1)
Acid secretion suppressants
Yes/No 494 (50.2)/490 (49.8)
Laxatives
Yes/No 218 (22.2)/766 (77.8)
Neuropsychological examination
MMSE 27 (25, 29)
GDS-15 4(2,6)
Gastrointestinal-related QOL score
Reflex 1(0,3)
Upper abdominal pain 00,1
Fullness 0(0,3)
Constipation 1.5(0,4)
Diarrhea 10, 3)
Severity of constipation
CSS score 2(1,6)

Data are presented as number (%) or the mean =+ standard deviation or median (lower quartile, upper quartile).
MMSE, Mini-Mental State Examination; GDS-15, Geriatric Depression Scale 15; CSS, constipation scoring system.

Table 2. Clinical characteristics of study participants by GDS-15 severity.

Normal Mild Moderate-Severe
(n = 603) (n=319) (n=62)
Age (years) 77.9 £ 6.0 78.5 + 6.2 78.0 £ 6.1
Male 269 (44.6) 128 (40.1) 30 (48.4)
Female 334 (55.4) 191 (59.9) 32 (51.6)
BMI 23.0 & 3.7 22.6 + 3.7 22.7 + 4.1
CSS score 2(0,4) 31,7 5(3,8)
Reflux 0(0,2) 1(0,3) 2(0,5)
Upper abdominal pain 00,1 0(0,2) 1(0,4)
Fullness 0(0,2) 1(0,4) 2.5 (0, 5)
Constipation 1(0,3) 2(1,4) 4(2,6)
Diarrhea 0(0,3) 2(0,4) 3(0,6)
GDS-15 2(1,3) 6(57) 11.5 (10, 12)

Data are presented as number (%) or the mean =+ standard deviation or median (lower quartile, upper quartile).
GDS-15, Geriatric Depression Scale 15; CSS, constipation scoring system.
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Of the 1078 cases who were registered in the JUSTICE-TOKYO study at Juntendo
Tokyo Koto Geriatric Medical Center between November 2020 and November 2021, 984 par-
ticipants were eligible.

3.2. Correlations Between Geriatric Depression Scale 15 Score and Various Clinical Parameters

Table 3 presents Pearson’s correlation coefficients. The GDS-15 score was significantly
associated with BMI (r = —0.056) and MMSE (r = —0.092), reflux-related QOL (r = 0.253),
pain-related QOL (r = 0.229), fullness-related QOL (r = 0.269), constipation-related QOL
(r = 0.329), diarrhea-related QOL (r = 0.264), and CSS (r = 0.285) scores.

Table 3. Correlations between Geriatric Depression Scale 15 score and various clinical parameters.

Clinical Parameters r p-Value
Age 0.028 0.190
BMI —0.056 0.041
Brinkman index 0.049 0.063
MMSE —0.092 0.002
Reflux 0.253 <0.001
Upper abdominal pain 0.229 <0.001
Fullness 0.269 <0.001
Constipation 0.329 <0.001
Diarrhea 0.264 <0.001
CSS score 0.285 <0.001

1, Pearson’s correlation coefficients; BMI, body mass index; CSS, constipation scoring system; MMSE, Mini-Mental
State Examination; QOL, quality of life.

3.3. Multiple Regression Analysis for Associations Among GDS-15 Score and Other Variables

Table 4 summarizes the multiple regression analysis for associations between GDS-15
score and other variables. BMI (3 = —0.069, p = 0.020) and MMSE (3 = —0.074, p = 0.013),
constipation-related QOL ( = 0.136, p = 0.002), reflex-related QOL (3 = 0.126, p < 0.001),
diarrhea-related QOL (3 = 0.095, p = 0.006), and CSS (3 = 0.098, p = 0.016) scores were
significantly associated with the GDS-15 score.

Table 4. Associations between Geriatric Depression Scale 15 score and other variables in the multiple
regression analysis.

B SE 95% CI of B B t VIF p-Value
BMI —0.056 0.024 —0.103 —0.009 —0.069 —2.336 1.017 0.020
MMSE —0.073 0.029 —0.131 —0.015 —0.074 —2.479 1.035 0.013
Constipation 0.161 0.053 0.057 0.265 0.136 3.043 2.352 0.002
Reflux 0.162 0.043 0.078 0.246 0.126 3.772 1.313 <0.001
Diarrhea 0.111 0.040 0.031 0.190 0.095 2.740 1.415 0.006
CSS score 0.079 0.033 0.015 0.144 0.098 2.403 1.963 0.016

BMI, body mass index; MMSE, Mini-Mental State Examination; CSS, constipation scoring system; SE, standard
error; CI, confidence interval; VIF, variance inflation factor.
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4. Discussion

This is the first study from Japan to investigate the relationship between constipation
and depressive symptoms in the elderly using detailed abdominal questionnaires, such as
the Izumo scale and CSS. The GDS-15 score was significantly associated with BMI, MMSE
score, all gastrointestinal-related QOL scores (reflux, upper abdominal pain, fullness,
constipation, and diarrhea), and CSS score. Multiple regression analysis revealed that BMI
and MMSE, constipation-related QOL, reflex-related QOL, diarrhea-related QOL, and CSS
scores were significantly associated with the GDS-15 score.

Dykes et al. reported that, in cases of intractable constipation, three-fifths of patients
showed evidence of a current affective disorder [25]. Psychological impairment was ob-
served in 65% of patients with evacuation disorders and constipation in a tertiary care
setting [26]. Constipated individuals have significantly higher anxiety and depression
scores [27]. Women with constipation showed abnormal general psychosocial functioning,
somatization, anxiety, depression, and feelings related to their gender role [28]. A previous
study demonstrated an association between depression and the risk of chronic constipa-
tion [29]. Vu et al. identified severe depression, female sex, and sleep duration < 6 h per
day as significant factors associated with chronic constipation in multivariate models [30].

Central serotonin (5-hydroxytryptamine [5-HT]) plays a crucial role in the mechanism
underlying the association between constipation and depression.

Vitamin B6 (pyridoxal phosphate, PLP), a coenzyme in the tryptophan-serotonin path-
way, may influence depression. It is postulated that vitamin B6 deficiency can contribute
to depression [31]. Hvas et al. found that low plasma PLP levels were associated with
depressive symptoms [32]. The human gut microbiota can synthesize vitamins, especially
B vitamins, and vitamin B6 biosynthesis is linked to certain intestinal bacteria, such as Bac-
teroides spp., Escherichia coli, and Bifidobacterium [33]. Studies have shown that species
such as Bifidobacterium and Bacteroides may be quantitatively altered in individuals with
functional constipation [34]. Ohkusa et al. found an association between gut microbiota
dysbiosis and functional constipation and constipation-type irritable bowel syndrome [35].
Our previous randomized, double-blind, placebo-controlled, parallel-group superiority
trial in Japan demonstrated the partial effectiveness of Bifidobacterium longum BB536 sup-
plementation in elderly individuals with chronic constipation [36]. Short-chain fatty acids
(SCFAs), including butyric acid, acetic acid, and propionic acid, are major metabolites of in-
testinal bacteria [37] and promote the secretion of endogenous GLP-1 from L-cells, thereby
enhancing colonic peristalsis [38]. Among SCFAs, butyric acid is particularly associated
with constipation [39]. Butyrate may also play a role in improving depressive symptoms by
increasing Tph1 expression in intestinal epithelial cells and promoting serotonin produc-
tion [40]. Sun et al. reported that sodium butyrate significantly improved depression-like
behaviors in chronic, unpredictable, mildly stress-induced mice, with its antidepressant
effects potentially related to the restoration of blood-brain barrier integrity and increased
brain 5-HT concentrations and BDNF expression [41]. A potential mechanism linking
constipation and depressive symptoms may involve gut dysbiosis and decreased SCFA
production, particularly butyrate, leading to reduced 5-HTP production via Tphl. This, in
turn, may reduce brain serotonin levels, contributing to depressive symptoms. Recent stud-
ies have indicated that probiotic intake may help prevent or alleviate symptoms associated
with stress [42,43]. A random-effects meta-analysis of controlled clinical trials evaluating
the effects of prebiotics and probiotics on depression and anxiety revealed that probiotics
yielded small but significant effects for depression and anxiety [44]. A recent study in-
vestigated the effects of probiotics on brain activity induced by emotional stimuli using
functional MRI and reported that changes in brain activity induced by anxiety-evoking
stimuli before and after the intervention were examined by MRI and showed a decrease
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in activity in anxiety-related regions induced by anxiety-evoking stimuli compared to a
control group [45]. Probiotics may have caused changes in the interaction between the gut
and the brain by regulating the gut environment. Further research is required to determine
the effects of improving dysbiosis and alleviating constipation via SCFAs, such as butyric
acid, on depressive symptoms.

In this study, reflex-related QOL score was also associated with the GDS-15 score.
A prospective, observational cohort study using standardized, validated questionnaires,
including the Hospital Anxiety and Depression Scale (HADS) revealed that patients with
reflux symptoms have a high prevalence of anxiety [46]. The cross-sectional study utilizing
data from a cohort of 10,000 adults revealed that smoking, alcohol intake, inactivity, high
intake of sweets and desserts, low intake of fiber, depression, visceral fat, and obesity
are considered risk factors for GERD [47]. In a previous study, we reported that upper
abdominal symptoms as well as constipation are associated with frailty [48]. Recent
research has revealed that gut frailty may be a worsening factor for various diseases, a
cause of chronic inflammation, and a precursor to frailty [49]. Improving constipation and
maintaining gut health may affect overall body and brain health.

Our research has certain limitations. First, the study population included only out-
patients aged > 65 years who were treated at a single university hospital specializing in
geriatric medicine. Second, other background variables, such as lifestyle, activity level,
exercise routines, dietary patterns, occupation, education level, and marital status, were not
analyzed. Therefore, our results may not be applicable to all elderly individuals. This study
is a cross-sectional study, so the causal relationship between depressive symptoms and
constipation is unclear. Furthermore, there may be potential bias in our results due to the
selection of unhealthy participants. Future intervention studies assessing the relationship
between constipation and depressive symptoms are warranted.

5. Conclusions

Depressive symptoms in the elderly may be associated with various abdominal symp-
toms, particularly constipation. Multiple regression analysis revealed significant associa-
tions of GDS-15 scores with BMI and MMSE, constipation-related QOL, reflex-related QOL,
diarrhea-related QOL, and CSS scores.
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