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Abstract

Objectives

In clinical settings, untreatable biliary sludge in the gallbladder can be observed in older

adults with advanced dementia. The underlying cause of biliary sludge existence in patients

with dementia is currently unknown. Therefore, we aimed to investigate the prevalence, risk

factors, and related outcomes of biliary sludge formation in the gallbladder of older adults

with dementia.

Design

Cross-sectional study.

Setting

Geriatric ward of University Hospital in Japan.

Participants

Inpatients aged 80 and older living with dementia.

Measurements

We evaluated the presence of biliary sludge by diagnostic ultrasonography and collected

data regarding patient demographic information, cognition (mini-mental state examination

[MMSE]), physical activity (Barthel Index), oral food intake (food intake level scale [FILS]),

clinical stage of dementia (functional assessment staging [FAST] of dementia), and patient

performance status (Zubrod/ Karnofsky score).

Results

Male sex, larger gallbladder volume and calories from oral intake were significantly associ-

ated with the presence of biliary sludge (P = .02, .02, .002, respectively). There was a signifi-

cant negative correlation between the FAST stage and the FILS level in all patients (P <
.001). More advanced dementia and dysphagia was more likely to be found in patients with

Alzheimer disease (AD) with biliary sludge, compared to patients with AD without biliary
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sludge (FAST 7a, FILS II and FAST 6c, FILS V, respectively, P = .06, 04). A logistic regres-

sion analysis revealed that the eating status of FILS I and II, generally called “fasting or

anorexia”, was a significant risk factor for forming biliary sludge in older adults with dementia

(P = .031, odds ratio: 5.25, 95% confidence interval: 1.16–23.72).

Conclusions

Fasting status may be associated with the existence of biliary sludge in older adults with

dementia. Therefore, supportive care for eating might be an important solution to comfort-

able end-of-life care for older adults with advanced dementia.

Introduction

Many older adults with advanced dementia have eating difficulties [1, 2]. These are often due

to having a swallowing disorder (dysphagia) or decreased appetite or refusing to eat or to

drink. For the patient, this can result in aspiration pneumonia and malnutrition. Therefore, as

the stage of dementia advances, many older adults with dementia require parenteral nutrition.

Although difficulty eating, or swallowing can be representative symptoms of end of life in

dementia, an important aspect of palliative care—particularly for the concerned family mem-

bers of patients—is a better understanding of how to provide supportive care for eating. How-

ever, the relationship between the clinical stages of dementia and dysphagia, and consequent

symptoms or diseases, has not yet been understood.

A previous nursing home study reported that half of the residents with advanced dementia

had pyrexia, pneumonia, or died within a year and a half after their admission [2]. There is

limited evidence of the incidence of cholangitis or cholecystitis as the cause of pyrexia or death

in patients with advanced dementia. However, in a clinical setting, we have often noted biliary

sludge in the gallbladder of older adults with advanced dementia. In previous studies, the con-

ventional causes of biliary sludge have been reported as pregnancy, rapid weight loss, total par-

enteral nutrition, octreotide therapy, and other factors unrelated to aging or dementia [3, 4].

Severe biliary sludge is often associated with the occurrence of cholangitis or cholecystitis,

which results in the need for percutaneous transhepatic biliary drainage (PTBD) or percutane-

ous transhepatic gallbladder drainage (PTGBD). Age and immobility of the gallbladder due to

fasting have been found to promote biliary sludge formation [4]. However, despite the rapidly

growing population of older adults with dementia, there are no studies focusing on factors

related to biliary sludge of the gallbladder in this population. Therefore, the purpose of this

study was to investigate the prevalence, risk factors, and related outcomes of the formation of

biliary sludge of the gallbladder in older adults with dementia.

Methods

This study included older adults with dementia who were admitted to the geriatric ward of

University Hospital in Japan between May and November 2016. Our inclusion criteria were

persons living with dementia more than 65 years, admitted to the geriatric ward who com-

plained of a decreased appetite. Dementia was diagnosed by doctors who have specialist quali-

fication of dementia. Differentiation of dementia diagnosis is described in the next section.

Our exclusion criteria were persons with a disturbance of consciousness, admitted to the

intensive care unit and fed via gastrostomy. Ultrasonography was used to calculate the volume
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of the gallbladder and assess the existence of biliary sludge in the gallbladder. The volume of

the gallbladder was estimated as an ellipsoid using a formula of V ¼ 4pabc=3 (V: volume, a:

semilength of width, b: semilength of height, c: semilength of depth). Ultrasonography was

performed while patients were fasting before a meal after hospitalization. Laboratory blood

analysis included serum total cholesterol, serum low-density lipoprotein cholesterol, serum

total bilirubin, and serum albumin-adjusted calcium. Patients’ cognition and clinical stage of

dementia were evaluated using the mini-mental state examination (MMSE) [5,6,7] (S1 Table)

and the functional assessment staging (FAST) classification [8,9] (S2 Table). Patients’ individ-

ual level of activities of daily living (ADL) was assessed using the Barthel Index [10,11] (S3

Table), and performance status was assessed using the Zubrod (Karnofsky) performance scale

[12,13] (S4 Table). Additionally, we evaluated the patients’ ability to eat using the Food Intake

Level Scale (FILS) [14] (S5 Table) and investigated calories of oral food intake from each

patient’s medical record. In patients who experienced a low appetite and/or poor oral intake

(FILS score less than VI), diagnostic imaging such as videoendoscopy, videofluoroscopy, gas-

troendoscopy, computed tomography, and echocardiography to examine the pharynx, the lar-

ynx and the gastrointestinal tract were performed; in addition, blood tests and urinalyses were

done to rule out cancer, metabolic problems, liver disease, respiratory disease, hypothyroidism,

chronic kidney failure and heart failure. The results of these tests indicated no clear cause of

the low appetite except dysphagia in older adults with dementia.

This study was approved by the ethics committee of Kyorin University School of Medicine

(Approval number: 28–008), and informed consent was obtained from all participants or fam-

ily members in cases where the patients did not have the capacity and were diagnosed as a

dementia using the MMSE. This consent procedure was approved by our ethics committee.

Differentiation of dementia diagnosis

Dementia was diagnosed based on cognitive decline, as measured by the neuropsychological

test battery and observation of impairments in social or occupational functioning. Alzheimer

disease (AD) and vascular dementia (VaD) were diagnosed according to the NINCD-

S-ADRDA and NINDS-AIREN criteria [15, 16, 17] each in combination with cerebral imag-

ing, judged by at least one doctor who has specialist qualification of dementia. We used brain

magnetic resonance imaging to investigate structural changes in the brain tissue. Specifically, a

voxel-based specific regional analysis system (Eisai Co, Ltd, Tokyo, Japan) was used to exam-

ine the degree of atrophy in the hippocampus during the diagnostic process for patients with

AD [18]. Brain single-photon emission computed tomography was also used, as it detects

changes in the bloodstream in specific regions of the brain and can thus be useful in the diag-

nosis of AD or VaD.

Evaluation of body mass index (BMI)

For better accuracy when measuring the height and weight of older adults with kyphosis or

those who had difficulty standing, we calculated patients’ height using a knee height caliper

[19], and their weights were measured while they were lying down. Height and weight mea-

surements were used to calculate patients’ body mass index (BMI).

Data statistics

To compare patients with and without biliary sludge, we used the Mann–Whitney U test to

analyze the influence of age, serum total cholesterol, serum low-density cholesterol, serum

total bilirubin, albumin-adjusted calcium, the MMSE, the Barthel Index, calories from oral

intake, BMI, and volume of the gallbladder.
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We used the Fisher exact test to analyze the sex of the participants and the number of

patients with dementia. The number of participants with a gallstone, the number of partici-

pants medicated with an anticholinergic agent, and the number of participants that had cho-

langitis or cholecystitis were analyzed with the Fischer exact test. Spearman’s rank correlation

test was used to analyze the correlation between FAST stage and FILS level, and to calculate

the central median value in the subclassified groups in the FILS, the Barthel Index, the FAST,

and the Zubrod/Karnofsky score. Multivariate logistic regression analysis was performed to

estimate the odds ratio (ORs) and 95% confidence intervals (CIs) of the relationship between

the existence of biliary sludge and age, sex, the cutoff FILS level (II/III), the cutoff Barthel

Index (40/41), the cutoff FAST stage (6c/6d), and the cutoff Zubrod/Karnofsky score (2/3).

The sample size in the study was estimated as 48 (statistical power was determined by the fol-

lowing variables: α, 0.05 and β, 0.2, effect size | r | 0.5, disease prevalence and controls in this

study were 24.4% and 74.8%, respectively). A P-value < 0.05 was deemed statistically signifi-

cant. Data were expressed as mean (SD) except where specified otherwise. All data were ana-

lyzed using SPSS version 22.0 (IBM Corp., Tokyo, Japan). Sample size was calculated by

G�Power 3.1.9.2.

Results

A total of 123 older adults (mean age: 87.6 ± 5.3 years) were enrolled in this study. Of these, 30

patients had biliary sludge, while 93 did not have biliary sludge. Patients’ characteristics are

described in Table 1. Between the two groups of patients with and without biliary sludge, no

significant differences were found related to age, BMI, serum total cholesterol, serum low-

Table 1. Patient characteristics.

Biliary sludge (-) Biliary sludge (+) P value

Number of participants 93 30

Age (± SD) 87.8 (± 5.2) 87.0 (± 5.4) 0.44

Male sex, N (%) 36(38.7) 19 (63.3) 0.02

Body Mass Index 20.58(± 4.38) 20.37 (± 4.18) 0.82

Calories from oral intake (± SD) (kcal) 786.02 (± 561.75) 503.33(± 583.97) 0.02

MMSE (± SD) 12.99 (± 8.67) 11.97 (± 10.03) 0.59

Number of patients with dementia

AD/VaD, N

33/60 11/19 1.00

Barthel Index (± SD) 39.033 (± 31.69) 43.67 (± 34.19) 0.50

Volume of the gallbladder (cm3) 13.29 (± 13.81) 29.74 (± 25.42) 0.002

Serum total cholesterol mg/dl 155.05(±45.56) 137.71(±34.66) 0.15

Serum low-density lipoprotein cholesterol (LDL) mg/dl 84.87 (± 34.31) 68.81 (± 23.26) 0.01

Serum total bilirubin mg/dl 0.77 (± 0.48) 0.73 (± 0.56) 0.72

Serum albumin-adjusted calcium mg/dl 9.53 (± 0.53) 9.38 (± 0.44) 0.17

Number of patients with cholelithiasis N 16 5 1.00

Number of patients with anticholinergic agent N 19 1 0.04

Number of patients with cholecystitis and cholangitis N 1 0 1.00

Age, calorie intake, MMSE, Barthel Index, and the volume of the gallbladder were statistically analyzed using the Mann–Whitney U test.

Sex, the number of patients with dementia, cholelithiasis and anticholinergic agent, and the number of patients with cholecystitis and cholangitis, were analyzed using

the Fischer exact test.

P < 0.05 was statistically significant.

Abbreviations: MMSE, mini-mental state examination; LDL, low density lipoprotein

https://doi.org/10.1371/journal.pone.0219538.t001
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density cholesterol, serum total bilirubin, albumin-adjusted calcium, the MMSE, type of

dementia (e.g. AD or VaD), the Barthel Index, calories of oral food intake, or number of

patients with gallstone, cholangitis or cholecystitis. Male patients had more biliary sludge than

female patients (19 [63.3%] versus 11 [36.7%], respectively) (P = .02). The volume of the gall-

bladder in patients with biliary sludge was greater than that in patients without biliary sludge

(29.74 ±25.42 cm3 versus 13.29 ± 13.81 cm3, respectively, P = .002). The number of patients

receiving anticholinergic agents in the group without biliary sludge was greater than that in

the group with biliary sludge. (19 [20.4%] versus 1 [3.4%], P = .04).

The relationship between the FAST stage and the FILS level showed a significant negative

correlation in all enrolled patients (r = -0.414, P< .001) (Fig 1). In particular, the significance

of the negative correlation between the FAST and the FILS was more evident in patients with

AD (r = -0.66, P< .001) than patients with VaD (r = -0.24, P = .03).

In all patients, the FILS stage in patients with biliary sludge tended to be worse than that in

patients without biliary sludge (central median value in patients with biliary sludge versus

without biliary sludge: FILS III versus FILS VI, P = .15) (Tables 2 and 3). Patients with AD

with biliary sludge showed a worse FAST stage and FILS level than those without sludge

(FAST 7a, FILS II versus FAST 6c, FILS V; P = .06, .04, respectively). Similarly, patients with

VaD with biliary sludge were generally in a worse FILS level compared to patients with VaD

without biliary sludge (FILS V versus FILS VI, P = .11).

Fig 1. Relationship between the FAST level and the FILS level in patients with dementia. These figures showed the relationship between the FAST level and the FILS

level in all patients. Each bar on the FAST level was expressed as accumulation of the number of persons in each level of the FILS. Spearman’s rank correlation test showed

significant correlations between the FAST level and the FILS level in all patients (R = -0.414, P< .001). Abbreviations: FILS, food intake level scale; FAST, functional

assessment staging.

https://doi.org/10.1371/journal.pone.0219538.g001
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The central median value of the Barthel Index was 40 in all patients with biliary sludge, but

this was not significantly different compared to all patients without biliary sludge (Table 3).

A logistic regression analysis, after adjusting for age, sex and the number of patients admin-

istered an anticholinergic agent, using the central median value of the FAST stage, the FILS

level, the Barthel Index, and the Zubrod /Karnofsky score, showed that a FILS level less than II

was a significant risk factor for the formation of biliary sludge in older adults with dementia

(ORs: 5.25, 95% confidence interval: 1.16–23.72, P = .03, adjusted for age, sex, and use of anti-

cholinergic agents) (Table 4).

Discussion

To the best of our knowledge, this study is the first report to show the prevalence and risk fac-

tors of biliary sludge of the gallbladder in older adults with dementia. Our findings showed

that patients with more severe clinical symptoms also showed more limited ability to eat. Addi-

tionally, we found that FILS level I and II may be associated with the existence of biliary sludge

in older adults with dementia, and that biliary sludge tended to appear in both patients with

AD and with VaD that had a fasting status.

According to previous reports, the prevalence of biliary sludge was reported to be 1.7%

when found during annual medical examinations in asymptomatic patients, and approxi-

mately 7.0% in patients who underwent examinations on account of abdominal symptoms

[20]. Conventional causes of the formation of biliary sludge have been reported as pregnancy,

rapid weight loss, and total parenteral nutrition [3, 4]. However, although dementia may be

associated with rapid weight loss and total parenteral nutrition, no research to date has focused

on associations between biliary sludge, dysphagia, and advanced dementia.

In the clinical setting of our institution, we have often encountered patients with advanced

dementia who could hardly eat, and who then developed biliary sludge within a few weeks. In

these patients, PTBD or PTGBD is often required. Basically, PTGB and PTGBD are temporary

installed until the execution of surgery, such as cholecystectomy. In non-geriatric patients,

Table 2. Central median value of FAST, FILS, Barthel Index and Zubrod score.

Central Median Value

FAST FILS Barthel Index Zubrod/Karnofsky score

All Participants 6c V 40 2

AD 6e V 20 2

VaD 6c VI 45 2

Abbreviations: AD Alzheimer’s disease; VaD, vascular dementia; FILS, food intake level scale; FAST, functional assessment staging

https://doi.org/10.1371/journal.pone.0219538.t002

Table 3. Comparison of a central median value of FAST, FILS, Barthel Index and Zubrod score in patients with biliary sludge and without biliary sludge.

Variables Central Median Value

FAST FILS Barthel Index Zubrod/Karnofsky score

Biliary

Sludge (+)

Biliary

Sludge (-)

P
value

Biliary

Sludge (+)

Biliary

Sludge (-)

P
value

Biliary

Sludge (+)

Biliary

Sludge (-)

P
value

Biliary

Sludge (+)

Biliary

Sludge (-)

P
value

All

Participants

6d 6c 0.57 III VI 0.15 40 40 0.89 2 2 0.50

AD 7a 6c 0.06 II V 0.04 10 20 0.584 3 2 0.47

VaD 6c 6c 0.853 V5 VI 0.11 45 60 0.16 2 2 0.95

Abbreviations: FILS, food intake level scale; FAST, functional assessment staging; AD, Alzheimer disease; VaD, vascular dementia

https://doi.org/10.1371/journal.pone.0219538.t003
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these tubes can be smoothly removed when surgery is completed and postoperative status,

evaluated. On the other hand, PTBD or PTGBD execution could be implemented as alternative

procedures in patients with advanced dementia who have difficult in eating and are not indi-

cated for surgery. However, removing the sludge through PTBD or PTGBD tube by saline

washing each day is usually difficult due to the high viscosity of the biliary sludge and is not an

effective treatment option. These experiences influenced the current research, which was

undertaken in an effort to better understand how the status of eating correlated to the clinical

stage of dementia and the existence of biliary sludge. FILS levels I and II, which correspond to

an inability to swallow food [14], were regarded as “fasting or anorexia status” in this study; we

found that patients with FILS level I and II were more likely to develop biliary sludge. Messing

reported in non-geriatric study that the percentage of sludge positive patients during parental

nutrition without oral or enteral routes, increased from 6% during the first 3 weeks to 50%

between the fourth and the sixth weeks and reached 100% in patients receiving i.v. nutritional

therapy more than 6 weeks. Interestingly, sludge positively decreased from approximate 90%

during the first 3 weeks of oral refeeding to 0% by the end of the fourth week [21]. The previ-

ous report strongly supports our results in the study.

Our findings show that the ability to eat of a patient with dementia has a more significant

correlation with the clinical stage of dementia in patients with AD, compared to patients with

VaD. However, FAST is a more reliable assessment tool to evaluate functional deterioration in

patients with AD throughout the entire course of the illness. Thus, in patients with AD with a

FAST stage of more than 7a, clinicians should focus on the patients’ status of eating and the

possible presence of biliary sludge.

In another comparison of demographic factors in patients, the biliary sludge in males and

in patients with VaD appeared at the earlier stage of each evaluation scale (Tables 1, 2 and 3).

A possible explanation for this would be the patient’s baseline characteristics associated with

VaD such as changes in metabolic factors promoting arteriosclerosis.

Compared with a previous report in a non-geriatric population, in which risk factors for

gallstones and biliary sludge formation were dyslipidemia, female sex and obesity, possible

demographic factors of the existence for biliary sludge formation in this study were not hyper-

lipidemia and high BMI, but male sex [22]. We speculate that the risk factors for the existence

of biliary sludge in geriatric people with dementia might be different from those in non-geriat-

ric people.

Furthermore, comparisons of physical function in patients with AD and VaD in this study

did not show a significant effect of the presence of biliary sludge on the Barthel Index or

Zubrod/Karnofsky performance status. However, these scores were worse in patients with AD

with biliary sludge (average Barthel Index total score: 10, average performance status: 3), com-

pared to in patients with VaD and biliary sludge (average Barthel Index total score: 45; average

Zubrod/Karnofsky performance status, 2) (Table 3). In general, functional gallbladder disorder

is diagnosed by Rome III criteria [23]. However, it is difficult to diagnose functional

Table 4. Logistic regression analysis using the central median value, adjusted for age, sex, and use of anticholiner-

gic agents.

Adjusted for sex, age, and use of anticholinergic agent

P value ORs 95% CI

Fasting 0.03 5.25 1.16 23.72

Clinical stage of dementia 0.54 0.63 0.15 2.72

ORs: odds ratio, CI: confidential interval

https://doi.org/10.1371/journal.pone.0219538.t004

Eating difficulties and biliary sludge in advanced dementia

PLOS ONE | https://doi.org/10.1371/journal.pone.0219538 July 16, 2019 7 / 10

https://doi.org/10.1371/journal.pone.0219538.t004
https://doi.org/10.1371/journal.pone.0219538


gallbladder disorder in people with dementia because they have difficulty to complain symp-

toms. Although the gallbladder in patients with AD is likely immobile or frail, deterioration of

physical function and performance status did not significantly correlate with the existence of

biliary sludge in this study. In addition, in our clinical experience, patients with biliary sludge

have ceased to eat within a few weeks of admission, whereas patients without biliary sludge

continue to eat, even if only in small amounts.

This study has some limitations. We could not compare our cohort to a control group of

non-geriatric patients which may have helped the validity of our result; however, the occur-

rence of dysphagia among non-geriatric people is quite limited and any occurrence is generally

associated with a smooth recovery. Additionally, function of the gallbladder among non-geri-

atric patients is generally more efficient than that of geriatric people. We were unable to deter-

mine what caused the onset of biliary sludge formation, nor could we investigate whether

acetylcholine esterase inhibitor medication caused biliary sludge due to its possible action on

the sphincter of Oddi. In this study, a significant number of patients without biliary sludge

were receiving anticholinergic agents. Moreover, we could not evaluate the motility of the gall

bladder and evaluate whether biliary sludge was related to the development of cholangitis or

cholecystitis.

Conclusions

In conclusion, fasting status may be associated with the existence of biliary sludge in older

adults with dementia, as biliary sludge tends to appear in older adults who have AD or VaD

and who are not eating well. If an older adult with dementia enters a fasting state, clinicians

should consider the patient’s gallbladder in addition to monitoring oral intake status. The

presence of biliary sludge, in patients with advanced dementia, may be a sign that the end of

life is near. As fasting in older patients with advanced dementia appears to be associated with

the development of biliary sludge of the gall bladder, it is important to develop appropriate

and sufficient supportive care to help older adults with dementia improve their ability and will-

ingness to eat. The results of this study suggest that palliative care is the most appropriate next

step for patients to transition to the end of life in comfort.
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