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Abstract

Background and Objectives: Although the association between frailty and constipation in
older adults has attracted growing attention, evidence linking the Clinical Frailty Scale
(CFS) to colonic transit time (CTT) remains scarce. In this retrospective study, we examined
this association using colon capsule endoscopy (CCE). Materials and Methods: We enrolled
124 older adults (64 men, 60 women) aged ≥ 65 years (mean age 74.6 ± 5.6) who underwent
CCE for colorectal polyp screening at Aishinkai Nakae Hospital, Japan, between January
2014 and July 2024. CTT was determined at the time of CCE, and frailty was assessed
with the Japanese version of the CFS. To avoid the oversimplification inherent in a strict
dichotomy, participants were analyzed primarily as three ordered categories—Robust
(CFS 1–2; n = 73), Intermediate (CFS 3–4; n = 43), and Frail (CFS 5–7; n = 8)—and, for
comparability with previous reports, also as a Robust versus Non-robust (CFS 3–7; n = 51)
dichotomy. The independent association between CFS and CTT was examined with three
complementary multivariable linear regression models (Model 2: CFS continuous; Model 3:
CFS three-category ordinal; Model 3b: CFS three-category dummy with Robust as refer-
ence), each adjusted for 10 covariates: age, sex, body mass index, type 2 diabetes mellitus,
laxative use, anticholinergic drug use, psychotropic drug use, hypothyroidism, smoking
history, and history of abdominal surgery. Results: CTT rose stepwise across the three
frailty categories (Robust: 132.0 min [IQR 81.0–229.0], 157.9 ± 99.9; Intermediate: 198.0 min
[90.5–267.0], 186.1 ± 99.8; Frail: 241.5 min [199.0–320.5], 295.8 ± 181.3; Kruskal–Wallis
p = 0.027; Jonckheere–Terpstra P for trend = 0.017); the dichotomous comparison was
concordant (median 214.0 vs. 132.0 min; Mann–Whitney U U = 1441.5; p = 0.033). A graded
dose–response-like relationship was further supported by Spearman correlation between
the CFS score and CTT (ρ = 0.232; p = 0.009). Women had significantly longer CTT than men
(median 189 vs. 121 min; p = 0.013), and the three-group trend was significant within the
female subgroup (Kruskal–Wallis p = 0.032) but not within men (p = 0.138). In multivariable
analysis, CFS remained independently associated with CTT prolongation both as a continu-
ous score (Model 2: β = 36.6 per 1-point increase; 95% CI 17.3 to 56.0; p < 0.001) and as an
ordinal three-category predictor (Model 3: β = 52.7 per one-step advance; 95% CI 19.7 to
85.8; p = 0.002). In the dummy-coded specification (Model 3b), the Frail-versus-Robust con-
trast was markedly significant (β = 155.4 min; 95% CI 71.5 to 239.3; p < 0.001), whereas the
Intermediate-versus-Robust contrast was not (β = 27.0; 95% CI −15.5 to 69.5; p = 0.210). Fe-
male sex retained independent significance across models (β ≈ 47–49 min; p = 0.016–0.021).
The original dichotomous Non-robust versus Robust specification (Model 1) was no longer
significant after full adjustment (p = 0.372). Conclusions: Frailty progression, as assessed
by the CFS, is independently and monotonically associated with prolonged CTT in older
adults, with the effect becoming statistically manifest predominantly at the more advanced
end of the frailty spectrum and particularly in women. Although these findings do not
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establish causality between frailty and constipation—and frailty itself reflects a multifacto-
rial age-related process that may not be fully reversible—CCE-measured CTT provides an
objective, radiation-free physiological biomarker of frailty-related bowel dysfunction that
may support risk stratification and inform future interventional trials targeting potentially
modifiable components of the gut–muscle axis.

Keywords: clinical frailty scale; colonic transit time; frailty; older adults; colon capsule
endoscopy; constipation; sex differences

1. Introduction
Managing the health of older adults involves a wide range of interlocking challenges.

Among these, frailty—a state of increased vulnerability to stressors arising from an age-
related decline in physiological reserve—has received considerable attention as a risk factor
for functional dependence and mortality [1–6]. The Clinical Frailty Scale (CFS) is globally
recognized as a simple yet comprehensive tool for assessing frailty and is widely used
in everyday clinical practice [7,8]. In Japan, both the reliability and the validity of the
Japanese version of the CFS have been confirmed, and its clinical use has continued to
expand [9–11]. Its relationship to specific organ-system dysfunctions, however, particularly
gastrointestinal motility, remains insufficiently characterized.

Constipation is one of the most common gastrointestinal complaints in older adults and
can substantially impair health-related quality of life [12–16]. Its etiology is multifactorial,
involving reduced colonic peristalsis, autonomic nervous system dysfunction, and the
effects of multiple medications, and prolonged colonic transit time (CTT) plays a central
role in its pathophysiology [16–19]. CTT has traditionally been measured using radiopaque
marker methods [20], but colon capsule endoscopy (CCE) has more recently enabled a
non-invasive assessment of CTT [21–25]. By recording the transit of an ingested capsule
camera through the gastrointestinal tract, CCE allows objective measurement of CTT and is
particularly suitable for older adults with multiple comorbidities in whom more invasive
examinations may not be feasible [26–28].

Several mechanisms have been proposed to explain prolonged CTT in frail older adults,
including reduced physical activity, weakened abdominal musculature due to sarcopenia,
drug-induced constipation arising from polypharmacy, and hypothyroidism [29–33]. Direct
reports examining the association between CFS-defined frailty severity and CTT, however,
remain scarce [34].

The present study therefore aimed to examine the association between the CFS score
and CTT in older adults undergoing CCE, and to determine whether frailty is independently
associated with delayed colonic transit after comprehensive adjustment for confounders.
We did not set out to demonstrate that frailty causes constipation, nor that improving frailty
would alleviate it; rather, our goal was to establish whether CCE-measured CTT can serve
as an objective physiological marker of frailty-related colonic dysfunction in older adults,
thereby providing a quantitative substrate on which future interventional studies of the
gut–muscle axis could be designed.

2. Materials and Methods
2.1. Study Design and Population

This single-center retrospective study was conducted at Aishinkai Nakae Hospi-
tal in Wakayama, Japan, between January 2014 and July 2024. Consecutive patients
aged ≥ 65 years who underwent CCE at the hospital’s Endoscopy Center for colorectal
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polyp screening were enrolled. The exclusion criteria were as follows: (1) incomplete
CCE examination; (2) missing CFS assessment data; (3) a history of inflammatory bowel
disease; (4) history of colonic resection; and (5) insufficient medical record documentation
precluding the evaluation of confounders affecting intestinal motility.

The following background variables were recorded for each patient: age, sex, body
mass index (BMI), presence of type 2 diabetes mellitus, laxative use, anticholinergic drug
use, psychotropic (hypnotic) drug use, hypothyroidism, smoking history, and history of
abdominal surgery. For the purposes of this study, ‘history of abdominal surgery’ was
defined inclusively as any prior surgical procedure involving the abdominal or pelvic
cavity, encompassing hysterectomy, cholecystectomy, appendectomy, gastric or upper gas-
trointestinal surgery, and other pelvic gynecological operations, in view of the potential for
adhesion formation or altered bowel motility regardless of the primary operative field. In
the present cohort, no patient had a history of cesarean section; the gynecological/pelvic op-
erations recorded were surgery for ectopic pregnancy (n = 1), uterine (cervical/endometrial)
cancer (n = 1), and endometriosis (n = 1). Patients with a history of colonic resection were
excluded a priori (Section 2.1, exclusion criterion 4). Laxative use was defined as the regular
intake (≥3 days/week for ≥4 consecutive weeks) of a physician-prescribed laxative at
the time of CCE. By mechanism of action, laxatives were classified into osmotic agents
(magnesium oxide, polyethylene glycol), stimulant agents (sennoside, bisacodyl, sodium
picosulfate, senna preparations such as Alosenn), and bulk-forming agents; secretagogues
(lubiprostone, linaclotide) and ileal bile acid transporter (IBAT) inhibitors (elobixibat) were
excluded from this operational definition because they act through distinct mechanisms
and, importantly, no patient in the present cohort was receiving such agents. The laxatives
actually prescribed at the time of CCE were magnesium oxide (an osmotic agent; n = 20),
sennoside (a stimulant agent; n = 8), and a senna preparation (Alosenn; a stimulant agent;
n = 1); thus, all 29 laxative users in this cohort were receiving either an osmotic or a conven-
tional stimulant laxative. BMI was included as a potential confounder, given its established
association with both frailty and colonic motility.

2.2. Ethical Considerations

This study was approved by the Institutional Review Board of Aishinkai Nakae
Hospital (approval number 035; approval date 21 September 2025) and conducted in
accordance with the principles of the Declaration of Helsinki. Given the retrospective
nature of the study, the requirement for written informed consent was waived by the
Institutional Review Board.

2.3. Frailty Assessment

Frailty was assessed using the Japanese version of the CFS. The CFS is scored on a
9-point scale ranging from 1 (very fit) to 9 (terminally ill); in the present study, the observed
CFS scores ranged from 1 to 7. The distribution of scores was as follows: CFS 1, n = 2; CFS
2, n = 71; CFS 3, n = 39; CFS 4, n = 4; CFS 5, n = 2; CFS 6, n = 5; and CFS 7, n = 1. To avoid the
oversimplification inherent in a strict dichotomy and to better capture the frailty continuum,
frailty status was analyzed using two complementary classifications. First, a three-category
ordinal classification was applied: Robust (CFS 1–2; n = 73), Intermediate (CFS 3–4; n = 43;
individuals with some activity limitation but who remain independent in activities of daily
living), and Frail (CFS 5–7; n = 8; individuals requiring assistance with instrumental or basic
activities of daily living). Second, for comparability with previously published studies, a
dichotomous classification into Robust (CFS 1–2; n = 73) and Non-robust (CFS 3–7; n = 51)
was also applied, on the basis of whether the participant retained activity levels sufficient
to influence intestinal peristalsis. CFS assessments were performed by trained medical
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staff prior to CCE. The nine categories of the CFS are defined as follows: CFS 1 (very fit),
robust, active, energetic, and motivated, and regularly exercises; CFS 2 (well), active but
not regularly very active; CFS 3 (managing well), medical problems are well controlled
but not regularly active beyond routine walking; CFS 4 (vulnerable), not dependent on
others for daily help, but symptoms often limit activities; CFS 5 (mildly frail), more evident
slowing, and help needed with high-order instrumental activities of daily living; CFS 6
(moderately frail), help needed with all outside activities and with keeping house, and
difficulty with stairs; CFS 7 (severely frail), completely dependent on others for personal
care; CFS 8 (very severely frail), completely dependent and approaching the end of life;
CFS 9 (terminally ill), approaching the end of life with a life expectancy of <6 months.

2.4. Measurement of Colonic Transit Time Using Colon Capsule Endoscopy

The PillCam COLON 2 capsule (Medtronic, Inc., Minneapolis, MN, USA) was used for
CCE. Bowel preparation and the examination protocol followed the regimen recommended
by the Japanese Association for Capsule Endoscopy (JACE) [25,26,35]. The complete
preparation schedule, with explicit timing, was as follows: (i) Day −1 (the day before
examination): patients consumed a low-residue diet from breakfast through dinner, with
no restriction on fluids. (ii) Day −1, 21:00–22:00 (approximately 12 h before capsule in-
gestion): 50 mg of magnesium citrate dissolved in 180 mL of water was administered
as a pre-procedure osmotic laxative. (iii) Day −1, at bedtime (≈23:00): 10 mg of 0.75%
sodium picosulfate dissolved in 80 mL of water was administered. (iv) Day 0 (examination
day), starting at 08:00: 500–1000 mg of ascorbic acid-containing polyethylene glycol (PEG)
solution was administered with 250–500 mL of water and continued until the rectal effluent
became clear; the mean duration of preparation on Day 0 before capsule ingestion was
approximately 2–3 h. (v) Immediately after the effluent became clear (typically 10:00–11:00),
the capsule was ingested together with 20 mg of mosapride citrate. (vi) Booster 1 was ad-
ministered 1 h after confirmed entry of the capsule into the small bowel (i.e., approximately
60 min after ingestion): 30 mg castor oil combined with 100 mL of ascorbic acid-containing
PEG solution. (vii) Booster 2 was administered 3 h after capsule ingestion: 400 mg ascorbic
acid-containing PEG solution with 250 mL of water. (viii) Booster 3 was administered
when the capsule had not reached the cecum by 5 h after ingestion: 500 mg ascorbic acid-
containing PEG solution with 250 mL of water. (ix) Rescue interventions were implemented
when the capsule failed to advance—defined as remaining in the stomach beyond 1 h after
ingestion, remaining in the same small-bowel segment for more than 2 h on real-time moni-
toring, or failing to be completely excreted within 8 h of ingestion. Rescue measures were
applied in a stepwise manner: first, intramuscular administration of 10 mg metoclopramide
for delayed gastric emptying; second, oral administration of 30 mg castor oil in 100 mL
of water; third, oral administration of 50 mg magnesium citrate in 180 mL of water; and
finally, a 60 mg glycerin enema if the capsule had reached the rectum without spontaneous
expulsion. The protocol was discontinued and the examination considered incomplete if
the capsule had not been expelled within 10 h of ingestion. CTT was defined as the time (in
minutes) from the capsule’s cecal arrival to its expulsion from the anus and was calculated
using dedicated software (version 8.0 and 8.3). CCE videos were reviewed by two expert
physicians (NK and KM), who were blinded to patients’ CFS scores to minimize bias in
CTT measurement.

2.5. Study Endpoints

The primary endpoint was the comparison of CTT across the three frailty categories
(Robust [CFS 1–2], Intermediate [CFS 3–4], and Frail [CFS 5–7]); the dichotomous Ro-
bust versus Non-robust contrast was retained as a secondary endpoint for comparability
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with the prior literature. Additional secondary endpoints were the Spearman correla-
tion between the CFS score (as a continuous variable) and CTT, and the identification of
independent factors associated with CTT prolongation through the three multivariable
regression specifications.

2.6. Statistical Analysis

Continuous variables are presented as median [interquartile range (IQR)]—given the
non-normal distributions observed for CTT and BMI (Shapiro–Wilk test, p < 0.001)—or
as mean ± standard deviation (SD) when normally distributed. Categorical variables are
expressed as frequencies (n, %).

For comparisons between the Robust and Non-robust groups, the Mann–Whitney
U test was used for continuous variables (age, CTT, and BMI), as the Shapiro–Wilk test
indicated non-normal distributions for CTT (Robust group, p < 0.001; Non-robust group,
p < 0.001) and BMI (Robust group, p < 0.001). Between-group differences in continuous
variables across the three frailty categories were evaluated using the Kruskal–Wallis test,
and a monotonic trend across the ordered categories was assessed using the Jonckheere–
Terpstra test. The chi-square test or Fisher’s exact test (when any expected frequency was
below 5) was used for between-group comparisons of categorical variables.

Spearman’s rank correlation coefficient was used to assess the correlation between
the CFS score (as a continuous variable) and CTT. To visualize the stepwise association
between the two, the mean CTT and its distribution were plotted for each CFS category.

For the multivariable analysis, multiple linear regression was performed with CTT
as the (continuous) dependent variable. Three complementary specifications of frailty
were prespecified. The primary model (Model 2) entered the CFS score as a continuous
variable. A sensitivity model (Model 3) entered the three-category CFS classification as
an ordinal predictor (Robust = 0, Intermediate = 1, Frail = 2). A second sensitivity model
(Model 3b) entered the three-category classification as two dummy variables with Robust as
the reference, yielding direct Intermediate-versus-Robust and Frail-versus-Robust contrasts.
For historical comparability, the original dichotomous specification (Model 1: Non-robust
[CFS 3–7] vs. Robust [CFS 1–2]) was also fitted. Each model adjusted for the same set of
10 covariates: age, sex (female), BMI, type 2 diabetes mellitus, laxative use, anticholinergic
drug use, psychotropic (hypnotic) drug use, hypothyroidism, smoking history, and history
of abdominal surgery. To minimize potential multicollinearity between age and BMI, both
variables were mean-centered before model entry. Multicollinearity was assessed using
the variance inflation factor (VIF), with VIF < 5 defined as the threshold for the absence
of multicollinearity.

All statistical analyses were performed using IBM SPSS Statistics version 31.0.1.0 (IBM
Corp., Armonk, NY, USA). Statistical significance was defined as p < 0.05 (two-tailed).

3. Results
A total of 124 consecutive patients aged ≥ 65 years (64 males, 60 females; median age

74.0 years [IQR 70.0–78.0]; median BMI 22.6 kg/m2 [IQR 20.6–23.5]) were enrolled. The
CTT for the entire cohort had a median of 155 min (IQR 86.5–246.0; range 14–677 min).
Patients were classified primarily into three ordered frailty categories—Robust (CFS 1–2;
n = 73), Intermediate (CFS 3–4; n = 43), and Frail (CFS 5–7; n = 8)—and, secondarily, into
the conventional Robust (CFS 1–2) versus Non-robust (CFS 3–7; n = 51) dichotomy.

Baseline patient characteristics across the three frailty categories—Robust (CFS 1–2;
n = 73), Intermediate (CFS 3–4; n = 43), and Frail (CFS 5–7; n = 8)—are shown in Table 1.
Age rose stepwise across the three groups (median 73.0 vs. 76.0 vs. 79.0 years; Kruskal–
Wallis p = 0.004; Jonckheere–Terpstra P for trend = 0.005). The proportions of laxative users

https://doi.org/10.3390/medicina62071362

https://doi.org/10.3390/medicina62071362


Medicina 2026, 62, 1362 6 of 15

and of patients receiving psychotropic (hypnotic) medication tended to increase across
the frailty spectrum, although these between-group differences did not reach statistical
significance on the categorical tests. For comparability with prior reports, the conventional
dichotomous classification (Robust [CFS 1–2; n = 73] vs. Non-robust [CFS 3–7; n = 51]) is
also retained, and the corresponding age difference between these two groups was likewise
statistically significant.

Table 1. Baseline patient characteristics across the three frailty categories (Robust [CFS 1–2; n = 73],
Intermediate [CFS 3–4; n = 43], and Frail [CFS 5–7; n = 8]).

Variable Robust
(CFS 1–2; n = 73)

Intermediate
(CFS 3–4; n = 43)

Frail
(CFS 5–7; n = 8) p-Value * P for Trend †

Age, years, median [IQR] 73.0 [70.0–77.0] 76.0 [71.0–78.5] 79.0 [76.8–84.8] 0.004 0.005

Female sex, n (%) 35 (47.9) 22 (51.2) 3 (37.5) 0.772 0.986

BMI, kg/m2, median [IQR] 23.0 [21.2–23.5] 22.2 [19.8–23.6] 22.1 [18.6–23.1] 0.191 0.073

Type 2 diabetes mellitus, n (%) 13 (17.8) 5 (11.6) 1 (12.5) 0.654 0.580

Laxative use, n (%) a 14 (19.2) 13 (30.2) 2 (25.0) 0.395 0.366

Anticholinergic drug use, n (%) 4 (5.5) 1 (2.3) 1 (12.5) 0.433 0.954

Psychotropic (hypnotic) use, n (%) 8 (11.0) 10 (23.3) 1 (12.5) 0.201 0.372

Hypothyroidism, n (%) 1 (1.4) 1 (2.3) 0 (0.0) 0.862 0.972

Smoking history, n (%) 7 (9.6) 4 (9.3) 1 (12.5) 0.961 0.962

History of abdominal surgery, n (%) b 10 (13.7) 2 (4.7) 2 (25.0) 0.148 0.712

Colonic transit time, min,
median [IQR] 132.0 [81.0–229.0] 198.0 [90.5–267.0] 241.5 [199.0–320.5] 0.027 0.017

Colonic transit time, min, mean ± SD 157.9 ± 99.9 186.1 ± 99.8 295.8 ± 181.3 — —

* Kruskal–Wallis test for continuous variables; chi-square or Fisher-type test for categorical variables. † Jonckheere–
Terpstra trend test for monotonic association across the three ordered frailty categories. a Laxative use was defined
as the regular intake (≥3 days/week for ≥4 consecutive weeks) of a physician-prescribed laxative at the time of
colon capsule endoscopy. Laxatives were mechanistically classified into osmotic (magnesium oxide, polyethylene
glycol), stimulant (sennoside, bisacodyl, sodium picosulfate, senna preparations [e.g., Alosenn]) and bulk-forming
agents; secretagogues (lubiprostone, linaclotide) and IBAT inhibitors (elobixibat) were not used by any enrolled
patient and were therefore excluded from this definition. The agents actually prescribed in this cohort were
magnesium oxide (n = 20), sennoside (n = 8), and senna preparation (Alosenn; n = 1). b ‘History of abdominal
surgery’ includes hysterectomy, cholecystectomy, appendectomy, gastric/upper-GI surgery, and other pelvic
gynecological operations; no patient had a history of cesarean section, and the pelvic operations recorded were
surgery for ectopic pregnancy (n = 1), uterine cancer (n = 1), and endometriosis (n = 1). History of colonic resection
was an exclusion criterion. BMI, body mass index; CFS, Clinical Frailty Scale; CTT, colonic transit time; IBAT, ileal
bile acid transporter; IQR, interquartile range; SD, standard deviation.

Colonic transit time (CTT) increased monotonically across the three frailty categories:
the median was 132.0 min (IQR 81.0–229.0) in the Robust group, 198.0 min (IQR 90.5–267.0)
in the Intermediate group, and 241.5 min (IQR 199.0–320.5) in the Frail group (means ± SD:
157.9 ± 99.9, 186.1 ± 99.8, and 295.8 ± 181.3 min, respectively). The Kruskal–Wallis test
indicated a significant overall between-group difference (H = 7.24; p = 0.027), and the
Jonckheere–Terpstra test confirmed a significant monotonic trend of increasing CTT with
advancing frailty (Z = 2.39; P for trend = 0.017). The conventional Robust versus Non-robust
dichotomy yielded a concordant result (median 214.0 vs. 132.0 min; Mann–Whitney U test
U = 1441.5; p = 0.033).

3.1. Stepwise Prolongation of CTT with Increasing Frailty Severity (Continuous and
Three-Category Analyses)

Spearman’s rank correlation, treating the CFS score as a continuous variable, was
ρ = 0.232 (p = 0.009, n = 124), indicating a significant positive association between the CFS
score and CTT. The three-category analysis was fully concordant: median CTT rose stepwise
from the Robust to the Intermediate to the Frail group (132.0 → 198.0 → 241.5 min), sup-
porting a graded dose–response-like relationship across the frailty spectrum (Figure 1A,B).
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Figure 1. Colonic transit time (CTT) by frailty status (n = 124). Panel (A): Mean ± SD of CTT
plotted against each of the seven individual Clinical Frailty Scale (CFS) scores observed in the
cohort, with Spearman’s rank correlation between the CFS score and CTT (ρ = 0.232; p = 0.009).
Panel (B): Distribution of CTT across the three-category ordinal classification—Robust (CFS 1–2;
n = 73), Intermediate (CFS 3–4; n = 43), and Frail (CFS 5–7; n = 8)—shown as box-and-whisker plots
with overlaid individual data points (box, interquartile range; horizontal line, median; whiskers,
1.5 × IQR; outliers, open circles); Kruskal–Wallis test for overall between-group difference (p = 0.027)
and Jonckheere–Terpstra test for monotonic trend across the ordered categories (P for trend = 0.017).
Panel (C): Distribution of CTT for the conventional dichotomous classification—Robust (CFS 1–2;
n = 73) vs. Non-robust (CFS 3–7; n = 51)—displayed in the same box-and-whisker format, with the
Mann–Whitney U test (U = 1441.5; p = 0.033), retained for comparability with the prior literature.
Open circles (#) represent outliers beyond 1.5 × IQR from the box edges.

Sex-stratified analysis showed that females had significantly longer CTT than males
(median 189 min [IQR 115.0–271.2] vs. 121 min [IQR 74.8–226.8]; mean 200.2 ± 113.8 vs.
154.5 ± 104.0 min; U = 2420.0; p = 0.013). The three-category trend in CTT was significant
within the female subgroup (Robust: median 150 min [IQR 99.5–241.0], n = 35; Interme-
diate: 233 min [IQR 177.5–284.0], n = 22; Frail: 282 min [IQR 218.0–479.5], n = 3; Kruskal–
Wallis p = 0.032) but not within the male subgroup (Robust: 118 min [IQR 74.2–204.2],
n = 38; Intermediate: 100 min [IQR 64.0–230.0], n = 21; Frail: 216 min [IQR 214.0–267.0],
n = 5; Kruskal–Wallis p = 0.138). Within the dichotomous classification, the CTT differ-
ence between the Robust and Non-robust groups was likewise significant among females
(median 150 vs. 234 min; U = 269.5; p = 0.012) but not among males (median 118 vs.
158.5 min; U = 443.0; p = 0.490). In the univariable analysis, none of the additional potential
confounders—anticholinergic drug use, psychotropic (hypnotic) drug use, hypothyroidism,
smoking history, or history of abdominal surgery—was significantly associated with CTT
(p = 0.51–0.99) (Table 1).

3.2. Multivariate Linear Regression Analysis

The multivariable linear regression results are presented in Table 2. In the primary
model (Model 2), which entered the CFS score as a continuous variable, the maximum VIF
across all 11 variables was 1.27, indicating no multicollinearity; the CFS score (β = 36.6 per
1-point increase; 95% CI 17.3 to 56.0; p < 0.001) and female sex (β = 48.5; 95% CI 9.1 to 88.0;
p = 0.016) emerged as independent factors associated with CTT prolongation (R2 = 0.164;
adjusted R2 = 0.082; F = 1.997; p = 0.035). In the sensitivity analysis using the three-category
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ordinal classification (Model 3; maximum VIF = 1.50), each one-step advance in frailty
category was independently associated with a 52.7 min increase in CTT (β = 52.7; 95% CI
19.7 to 85.8; p = 0.002), and female sex retained its independent association (β = 47.4; 95% CI
7.3 to 87.5; p = 0.021). When the three groups were entered as dummy variables with Robust
as the reference (Model 3b), the Frail group showed a markedly prolonged CTT relative to
the Robust group (β = 155.4 min; 95% CI 71.5 to 239.3; p < 0.001), whereas the Intermediate
group did not differ significantly from the Robust group (β = 27.0; 95% CI −15.5 to 69.5;
p = 0.210); female sex again remained an independent factor (β = 48.0; 95% CI 8.3 to 87.7;
p = 0.018). Taken together, the three regression specifications converged in showing that
frailty severity is independently and monotonically associated with CTT prolongation, and
that the effect becomes statistically manifest predominantly at the more advanced end of
the frailty spectrum. For completeness, the original dichotomous specification (Model 1:
Non-robust vs. Robust) is also reported (R2 = 0.097; adjusted R2 = 0.008; F = 1.09; p = 0.372);
it was no longer statistically significant in the fully adjusted model, underscoring the
importance of incorporating the ordinal structure of the CFS.

Table 2. Multivariable linear regression analyses of colonic transit time across three modeling
specifications of frailty (Model 2: CFS continuous [primary]; Model 3: CFS three-category ordinal;
Model 3b: CFS three-category dummy with Robust as reference).

Model 2: CFS Continuous
(Primary)

Model 3: CFS Ordinal (3-Group
Sensitivity)

Model 3b: CFS Dummy (3-Group
Sensitivity)

Variable β 95% CI p-Value β 95% CI p-Value β 95% CI p-Value

CFS—primary frailty
predictor (Model 2: per 1-pt;
Model 3: per category step;

Model 3b: Intermediate
vs. Robust)

36.63 17.27 to
56.00 <0.001 52.73 19.68 to

85.77 0.002 26.99 −15.47 to
69.45 0.210

CFS—Frail vs. Robust
contrast (Model 3b only) — — — — — — 155.37 71.49 to

239.25 <0.001

Age (mean-centered), years −0.78 −4.61 to
3.06 0.689 −0.33 −4.20 to

3.54 0.867 −0.9 −4.77 to
2.98 0.647

Female sex (vs. male) 48.54 9.06 to
88.03 0.016 47.4 7.26 to

87.54 0.021 47.95 8.25 to
87.65 0.018

BMI (mean-centered), kg/m2 3.07 −3.31 to
9.44 0.342 2.98 −3.50 to

9.47 0.364 2.94 −3.47 to
9.36 0.365

Type 2 diabetes mellitus −9.43 −63.82 to
44.96 0.732 −6.44 −61.83 to

48.95 0.818 −8.3 −63.11 to
46.51 0.765

Laxative use 14.32 −32.22 to
60.85 0.543 13.2 −34.12 to

60.53 0.582 17.01 −29.96 to
63.98 0.475

Anticholinergic drug use −6.8 −99.05 to
85.44 0.884 −4.77 −98.62 to

89.07 0.920 −14.89 −108.32 to
78.53 0.753

Psychotropic (hypnotic) use −12.07 −67.99 to
43.85 0.670 −14.08 −70.94 to

42.79 0.625 −7.34 −64.02 to
49.34 0.798

Hypothyroidism −38.87 −191.87 to
114.12 0.616 −43.2 −198.68 to

112.28 0.583 −39.23 −193.05 to
114.59 0.614

Smoking history 18.31 −48.06 to
84.67 0.586 9.4 −58.14 to

76.94 0.783 8.26 −58.54 to
75.07 0.807

History of abdominal surgery −16.07 −77.89 to
45.75 0.608 −8.34 −71.17 to

54.50 0.793 −18.85 −81.97 to
44.27 0.555

Predictor coding: in Model 2, CFS is entered as a continuous variable (1 unit = 1-point increase). In Model 3, the
three-category CFS classification is entered as a single ordinal predictor (Robust = 0, Intermediate = 1, Frail = 2;
1 unit = one-step advance in frailty category). In Model 3b, the three categories are entered as two dummy variables
with Robust as the reference, providing two contrasts: the first row of Table 2 reports the Intermediate-versus-
Robust contrast and the second row reports the Frail-versus-Robust contrast. Age and BMI are mean-centered
before model entry. Each model additionally adjusts for 10 covariates. BMI, body mass index; CFS, Clinical Frailty
Scale; CI, confidence interval; VIF, variance inflation factor.
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Dependent variable: colonic transit time (min), n = 124. Each model additionally
includes 10 covariates (age, female sex, BMI, type 2 diabetes mellitus, laxative use, anti-
cholinergic drug use, psychotropic [hypnotic] drug use, hypothyroidism, smoking history,
and history of abdominal surgery; in the present cohort, the latter encompassed hysterec-
tomy, cholecystectomy, appendectomy, gastric/upper-GI surgery, and pelvic gynecological
surgery for ectopic pregnancy, uterine cancer or endometriosis—no patient had a history of
cesarean section).

Model 2 (primary): R2 = 0.164; adjusted R2 = 0.082; F = 1.997; P(F) = 0.035; max-
imum VIF = 1.27. Model 3 (ordinal, sensitivity): R2 = 0.136; adjusted R2 = 0.051;
F = 1.60; P(F) = 0.107; maximum VIF = 1.50. Model 3b (dummy, sensitivity): R2 = 0.163;
adjusted R2 = 0.072; F = 1.78; P(F) = 0.057. Model 1 (Robust vs. Non-robust dichotomous,
retained for historical comparison): R2 = 0.097; adjusted R2 = 0.008; F = 1.09; P(F) = 0.372.

4. Discussion
The principal finding of this study is that CTT, measured by CCE, is independently

and monotonically associated with frailty severity assessed by the CFS. Across the three
frailty categories (Robust, Intermediate, Frail), the median CTT rose stepwise from 132.0 to
198.0 to 241.5 min (Kruskal–Wallis p = 0.027; Jonckheere–Terpstra P for trend = 0.017). The
Frail group showed a markedly prolonged CTT compared with the Robust group (adjusted
β = 155.4 min; 95% CI 71.5 to 239.3; p < 0.001; Model 3b), whereas the Intermediate group
did not differ significantly after full adjustment (p = 0.210). The conventional dichotomous
comparison (Robust vs. Non-robust) also showed prolonged CTT in the Non-robust group
(median 214 vs. 132 min; p = 0.033).

In multivariable linear regression, the CFS—whether modeled as a continuous score
(β = 36.6 per 1-point increase; p < 0.001) or as a three-category ordinal predictor (β = 52.7
per category step; p = 0.002)—and female sex (β ≈ 48 min; p = 0.016–0.021) emerged as the
only independent determinants of CTT after simultaneous adjustment for ten additional
covariates. The dummy-coded sensitivity analysis (Model 3b) localized this independent
effect predominantly to the advanced end of the frailty spectrum. Notably, thedichotomous
Robust versus Non-robust contrast (Model 1) was no longer significant after full adjustment
(p = 0.372), underscoring the analytical value of preserving the ordinal structure of the CFS
rather than collapsing it into a single binary contrast.

Although age increased monotonically across the three frailty categories (73.0 → 76.0
→ 79.0 years; P for trend = 0.005), it was not retained as an independent factor in any of
the multivariable specifications (all p > 0.6). This suggests that frailty status—rather than
chronological age per se—is the more proximal correlate of delayed colonic transit in older
adults. Type 2 diabetes mellitus and laxative use likewise showed no significant association
with CTT, plausibly reflecting the limited number of diabetic patients (19/124), the modest
number of laxative users (n = 29; all on osmotic or stimulant agents), and the homogeneous
bowel preparation achieved under the standardized JACE protocol.

4.1. Feasibility of CCE-Based CTT Measurement and Artificial Intelligence Applications

The conventional radiopaque marker method, scintigraphy, and the wireless motility
capsule all provide complementary information on colonic transit [36], but each entails
either radiation exposure or specialized equipment. By contrast, CCE simultaneously
captures intraluminal video imaging and yields a quantitative CTT, and its measurement
and reporting have been standardized in the recent ESGE Nyborg consensus [21]. The
procedure is also pharmacologically modifiable: Deding et al. showed that adjunctive
prucalopride improves CCE completion rates to 74.9% and shortens CTT by more than 2 h
on average [37]. Persistent challenges—including the complexity of bowel preparation, cost,
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variable completion rates, and the expertise required for image interpretation—remain [23];
nevertheless, the radiation-free and minimally invasive nature of CCE makes it particularly
attractive for the physiological assessment of intestinal function in frail older adults.

Building on this technical platform, the integration of artificial intelligence (AI) into
the analysis of CCE-derived data represents a logical next step. Deep-learning models
can already enable automated, observer-independent quantification of CTT from CCE
footage, substantially reducing the interpretive workload [38,39], while machine-learning
frameworks that combine the CFS score with gut microbiota profiles, dietary and physical-
activity data, and medication exposure could support the personalized identification of
frail older adults at greatest risk of delayed colonic transit [40,41]. Prospective validation
studies linking AI-based CTT measurement with frailty outcomes will be an important
next step.

4.2. Comparison and Integration of CFS with Objective Frailty Measures

Although we used the CFS as a pragmatic clinician-rated instrument, other validated
frailty constructs—most notably the Short Physical Performance Battery (SPPB) and the
modified Fried phenotype—rely on objective physical measures. A 2024 validation study
reported a very strong inverse correlation between the CFS and SPPB (r = −0.838, p < 0.001)
and a strong correlation between the CFS and the modified Fried criteria (r = −0.725,
p < 0.001) [42]. Crosswalks across frailty scales have likewise shown substantial concor-
dance among the CFS, the frailty phenotype, and the FRAIL scale [43], and systematic
reviews support the use of simple tools such as the CFS for screening, with multidi-
mensional instruments reserved for more detailed characterization [44]. Future studies
should therefore combine the CFS with objective measures such as the SPPB and handgrip
strength—a validated surrogate for muscle strength [45]—to clarify which dimensions of
frailty most directly drive prolonged CTT.

4.3. Strategies for Improving Colonic Transit Time and Overall Health, Autonomy

Pharmacologically, the 5-HT4 receptor agonist prucalopride reduces CTT by 12–14 h in
pooled analyses [46] and is effective irrespective of age, BMI, or renal function [47]. Elobixi-
bat improves rectal sensory thresholds in patients aged ≥ 60 years [48], and lubiprostone,
linaclotide, and elobixibat have all been shown to be effective for chronic constipation in
adults [49]. Consensus reviews accordingly recommend a stepwise combination of fiber
optimization, osmotic laxatives, and—where indicated—newer prokinetic or secretagogue
agents and probiotics, particularly in older patients [50,51].

Non-pharmacologically, even brief periods of physical inactivity prolong total CTT
from 10.9 to 19.5 h in previously active older individuals [52], while higher habitual
physical activity is consistently associated with shorter colonic transit [33]. Abdominal
massage (10 min sessions, 5 days/week, for 4 weeks) improves stool consistency, abdominal
bloating, stool volume, and defecation frequency in older adults [53], and recent reviews
confirm consistent reductions in constipation severity and CTT across randomized tri-
als [54]. Multi-strain probiotics significantly increase stool frequency (MD = 1.02; 95% CI
0.21–1.83; p < 0.05) and ameliorate constipation-related symptoms in older patients [55].
Oral-function and nutritional interventions [56,57], together with aerobic exercise and
adequate fluid intake [58], represent additional rational components of comprehensive care.
Taken together, these observations support the design of multicenter prospective trials
evaluating multimodal programmes that combine individualized exercise, dietary fiber and
protein optimization, hydration, abdominal massage, probiotics, and—where appropriate—
prokinetic agents, with CCE-measured CTT serving as a sensitive physiological co-primary
endpoint alongside validated frailty and functional-autonomy outcomes.
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Frailty is a multidimensional process that affects overall health, functional autonomy,
and colonic motility in parallel, and these three domains are linked through a bidirectional
gut–muscle axis: sarcopenia, malnutrition, and physical inactivity may prolong CTT, while
impaired colonic motility, dysbiosis, and reduced nutrient absorption may in turn accelerate
the frailty trajectory [31,59]. Because the present design is cross-sectional and retrospective,
causality cannot be established, and the underlying age-related decline that defines frailty
is unlikely to be fully reversed by any external intervention. Within these limits, however,
the available evidence supports parallel intervention across all three domains rather than
the isolated treatment of constipation.

4.4. Strengths and Limitations

The principal methodological strengths of this study are the systematic adjustment for
11 potential confounders entered simultaneously into each regression model, the application
of a standardized JACE-recommended CCE preparation protocol to all participants, and the
use of three complementary specifications of frailty (continuous CFS, three-category ordinal
CFS, and dichotomous Robust/Non-robust). Across all three specifications, the CFS-based
predictor and female sex consistently emerged as the only independent determinants of
prolonged CTT, whereas the simple dichotomous Robust versus Non-robust contrast lost
significance after full adjustment (p = 0.372). This pattern reveals a graded, dose–response-
like relationship between frailty severity and CTT—most pronounced at the Frail end
of the spectrum (adjusted β = 155.4 min vs. Robust; p < 0.001)—and underscores the
value of preserving the ordinal structure of the CFS rather than collapsing it into a single
binary variable.

Several limitations warrant acknowledgment. First, the single-center retrospective
design raises concerns about selection bias and external validity. Second, the sample
size was modest (n = 124), with only eight patients in the most severe (CFS 5–7) stratum,
constraining the resolution of stepwise contrasts. Third, the explanatory power of the
regression models was modest, indicating that CTT variability is shaped by additional
factors—including dietary content, daily physical activity, gut microbiota composition, and
autonomic function—that were not captured here. Fourth, CTT values measured by CCE
inevitably reflect the influence of bowel preparation. Fifth, residual confounding from
sarcopenia severity, opioid use, and detailed dietary factors cannot be excluded. Sixth,
BMI-related findings in predominantly Western cohorts—such as Liu et al.’s NHANES
analysis [59]—may not translate directly to the present Japanese sample, in which BMI
was not an independent determinant of CTT after multivariable adjustment. Seventh,
bowel-movement frequency was not consistently recorded in the source medical records
and could not be analyzed in relation to CTT; correlating subjective stool frequency with
objective CTT will be an important task for future prospective studies. Finally, because
the design is associational, our data establish an independent association between frailty
severity and prolonged CTT but cannot demonstrate causality; whether frailty-directed
interventions can shorten CTT must be tested in prospective interventional trials that
incorporate standardized recording of stool frequency, dietary intake, physical-activity
quantification, sarcopenia indices, and CCE-measured CTT.

5. Conclusions
In older adults, the progression of frailty, as assessed by the CFS, is significantly and

independently associated with the stepwise prolongation of CTT measured by CCE. The as-
sociation was consistent across three complementary modelling strategies—continuous CFS,
three-category ordinal CFS (Robust/Intermediate/Frail), and dummy-coded contrasts—
with the effect becoming statistically manifest predominantly at the more advanced end of
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the frailty spectrum and particularly in women. Although these associations do not estab-
lish causality, they support the use of CCE-measured CTT as an objective, radiation-free,
minimally invasive physiological marker of frailty-related colonic dysfunction in older
adults. Whether frailty-directed interventions can meaningfully modify CTT—and whether
such modification translates into improvements in stool frequency, symptoms, or quality of
life—will need to be evaluated in dedicated prospective interventional trials.
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