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Gallbladder Adenomyomatosis is Associated 
 with Metabolic Risk Factors, Fatty Liver, and Gallstones 

in Individuals Subjected to Comprehensive Health Check-ups
Minako Ito, Yoshiko Yonaha

Abstract
Objective: While gallbladder adenomyomatosis (GA) is generally not considered to have malig-
nant potential, there have been several reports of gallbladder cancer arising in areas of GA. How-
ever, an association remains unde�ned. On the other hand, some investigators have demonstrated 
a clear association of GA with gallstones. Additionally, recent studies have suggested that there is a 
relationship between metabolic risk factors and both gallstones and fatty liver, while no studies have 
investigated whether similar relationships exist with GA. �e purpose of our study was to determine 
whether GA is associated with metabolic risk factors, fatty liver, and gallstones.
Methods: A total of 3,341 subjects (1,807 males and 1,534 females) undergoing comprehen-
sive health check-ups with no history of cholecystectomy, hypertension, diabetes, dyslipidemia, 
and/or hyperuricemia underwent abdominal ultrasonography. Using univariate and multivari-
ate analyses, parameters associated with GA as well as associations between GA, fatty liver, and 
gallstones were examined by sex.
Results: Subjects with GA (58 males and 28 females) exhibited signi�cantly worse metabolic 
parameters compared to those without GA (1,749 males and 1,506 females) in univariate anal-
yses. A�er adjustments for other factors, age, waist circumference, and smoking habit remained 
associated with GA in males, while in females, associations with age, body mass index, hemo-
globin A1c levels, uric acid, and smoking habit became signi�cant. Furthermore, fatty liver and 
gallstones remained associated with GA a�er adjusting for other risk factors.
Conclusion: Our analyses suggest that fatty liver, gallstones, and GA are strongly associated with 
metabolic risk factors, while GA, is closely related with smoking habit, fatty liver, and gallstones.
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Gallbladder adenomyomatosis (GA) is an ab-
normality of the gallbladder characterized by 
overgrowth of the muscle layer and the muco-

sa. Branched tubular projections of the mucosa into the 
muscle layer and Rokitansky-Aschoff sinuses produce 
a histological appearance simulating gland and cyst 
formation. GA has been referred to as adenomyoma1 , 
cholecystitis glandularis proliferans2 , and intramural 
diverticulosis3 . �e term GA was introduced by Jutras 
et al.4 to di�erentiate it from in�ammatory conditions 
such as cholecystitis, because GA lacks inflammatory 
features but exhibits features of hyperplasia.

While GA is generally not considered to be a prema-
lignant condition, there have been several reports5–8 of 
gallbladder cancer in patients with GA. However, this 
association has not been a consistent finding in pub-

lished series5–11.
In contrast, some investigators10 –12 have shown 

that there is a close association of GA with gallstones. 
Additionally, recent studies13–16 have suggested that 
gallstones and fatty liver are strongly associated with 
metabolic risk factors. However, no study has yet evalu-
ated a potential association between GA and metabolic 
risk factors. �e purpose of our study was to determine 
whether GA is associated with metabolic risk factors, 
fatty liver, and gallstones in individuals undergoing a 
comprehensive health check-up.

Methods
This study was approved by the Ethics Committee 

of the Yokohama City Minato Red Cross Hospital. �e 
need to obtain informed consent from the subjects was 

Medical Check-up Center, Yokohama City Minato Red Cross Hospital 
Contact : Minako Ito, Medical Check-up Center, Yokohama City Minato Red Cross Hospital, 3–12–1, Shinyamashita, Naka-ku, Yoko-
hama City, Kanagawa 231–8682, Japan. Tel : +81–45–628–6385 ; Fax : +81–45–628–6386 ; E-mail : m-ito.med@yokohama.jrc.or.jp



Ningen Dock International　Vol.6  No.1  00002 (2 )

Advance Publication
Ningen Dock International
Accepted for publication: June 4, 2018
Published online: December 25, 2018

waived by the Ethics Committee.
Subjects

Between June 2011 and September 2016, a total of 
4,598 individuals undergoing a comprehensive health 
check-up who had no history of cholecystectomy were 
subjected to abdominal ultrasonography. A�er exclud-
ing subjects with a history of hypertension, diabetes, 
dyslipidemia, and/or hyperuricemia, 3 ,341 subjects 
(1,807 males and 1,534 females, aged 17 to 92 years) 
were enrolled in a cross-sectional observational study. 
�e initial data of the subjects who underwent multiple 
check-ups during the above period were used.
Measurements

�e comprehensive health check-up included record-
ing the subject’s medical history, prescribed medica-
tions, and lifestyle habits such as alcohol use, exercise, 
and smoking habit; determination of anthropometric 
variables; a physical examination; and laboratory tests. 
Weight and height were measured with the subject 
dressed in light clothing and without shoes. �e body 
mass index (BMI) was de�ned as weight in kilograms 
divided by height squared in meters (kg/m2). Systolic 
blood pressure (SBP) and diastolic blood pressure (DBP) 
were measured using an automated sphygmomanom-
eter in the sitting position. The measurement of waist 
circumference (WC) was performed at the level of 
the umbilicus after normal expiration while standing. 
Venous blood samples were collected after an over-
night fast of at least 12 hours. �e blood samples were 
used for analysis of low-density lipoprotein cholesterol 
(LDL-C), high-density lipoprotein cholesterol (HDL-C), 
triglycerides (TG), fasting plasma glucose (FPG), hemo-
globin A1c (HbA1c), and uric acid (UA). Obesity was 
defined as BMI≥ 25kg/m2. Male and female subjects 
were diagnosed with abdominal obesity (AO) if they 
had a WC ≥ 85 cm or ≥ 90 cm, respectively. High SBP 
was de�ned as SBP ≥ 130 mmHg, high DBP as DBP ≥ 
85 mmHg, high LDL-C as LDL-C ≥ 120 mg/dL, low 
HDL-C as HDL-C ≤ 39 mg/dL, high TG as TG ≥ 150 
mg/dL, high FPG as FPG ≥ 100 mg/dL, high HbA1c as 
HbA1c ≥ 5.6 %, and high UA as UA ≥ 7.1 mg/dL.
Assessment of Gallbladder adenomyomatosis,
fatty liver, and gallstones

Experienced technicians performed abdominal ultra-
sonography for each subject using a 3.5 MHz transduc-
er to assess evidence of GA, fatty liver, and gallstones 
non-invasively and safely. �e ultrasonographic images 
were reviewed by a gastroenterologist (Ito M) blinded 
to the individual’s data. GA was de�ned on the basis of 
the generally accepted findings: a thickened gallblad-
der wall, a small cystic area, and a comet-like echo. 
Fatty liver was diagnosed based on the presence of 
four acknowledged findings: liver brightness, vascular 
blurring, hepatorenal contrast, and deep attenuation. 

Gallstones were defined as echogenic foci that cast an 
acoustic shadow and sought gravitational dependency 
(movable structures), or a sludge that was echogenic in 
appearance but did not cast an acoustic shadow or was 
gravitationally dependent because of its viscosity.
Statistical analysis

All analyses were performed using SPSS statistics, 
version 24(IBM Japan, Ltd., Tokyo, Japan). A two-tailed 
p value < 0.05 was considered signi�cant. To compare 
differences between subjects with and without GA by 
sex, the unpaired t-test was used for quantitative vari-
ables (expressed as the mean ± standard deviation) 
when normally distributed, Mann-Whitney’s U test was 
used for non-normally distributed values, and the chi-
squared test was used for categorical variables (present-
ed as absolute numbers and percentages). Furthermore, 
stepwise logistic regression analyses were performed to 
determine which parameters were independently asso-
ciated with GA. To avoid the in�uence of other relevant 
factors, further stepwise logistic regression analyses 
were conducted to analyze the relationship between GA 
and fatty liver or gallstones.

Results
The background characteristics of the subjects with 

and without GA are presented in Table 1. Of the 3,341 
subjects 86 (2.6%) had GA. Of the 1,807 males and 
1 ,534 females, 58 (3 .2%) and 28 (1 .8%) had GA, 
respectively. Overall, fatty liver was observed in 893 
(26.7%) subjects: 672 (37.2%) males, and 221 (14.4%) 
females. Gallstones were detected in 199 (6.0%) sub-
jects: 126 (7.0%) in males and 73 (4.8%) in females. 
All three diseases evaluated in this study were more 
prevalent in males than females. Subjects with GA had 
worse metabolic parameters compared with those with-
out GA. Age, BMI, WC, SBP, and DBP were signi�cant-
ly higher in subjects with GA than in those without GA, 
both in males and in females. Furthermore, comparing 
female subjects with and without GA, statistically sig-
ni�cant di�erences were observed for LDL-C, HDL-C, 
TG, and UA levels. Obesity, AO, high SBP, high DBP, 
fatty liver, gallstones, and smoking habit were signifi-
cantly more prevalent in subjects with GA than in those 
without GA in both males and females. Females with 
GA had signi�cantly higher frequencies of high LDL-C, 
low HDL-C, high TG, high HbA1c, and high UA than 
females without GA.

The results of the multivariate logistic regression 
analysis of metabolic risk factors for GA are shown 
in Table 2 . Age, WC, and smoking habit were inde-
pendently associated with GA in males, while in fe-
males GA was associated with age, BMI, HbA1c, UA, 
and smoking habit.

Table 3 shows the association between GA and fatty 
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liver or gallstones adjusted for other risk factors. Not 
only gallstones but also fatty liver remained associated 
with GA in both males and females after adjustments 
for other risk factors.

Discussion
The present study showed that subjects with GA 

exhibited significantly worse metabolic parameters 
and metabolic disorders were more prevalent than in 
subjects without GA according to univariate analyses. 

Table 1.  Background Characteristics of Subjects with and without GA
Males  Females

Without GA With GA
p value

Without GA With GA
p value(n = 1749） (n = 58) (n = 1506） (n = 28)

Age (years) 51.4 ± 12.1　 55.3 ± 9.5 0.003 ** 51.0 ± 12.1 59.3 ± 12.2 < 0.001 ** 
BMI (kg/m2) 23.5 ± 3.0 24.6 ± 3.3 0.008 ** 21.2 ± 3.1 24.2 ± 3.4 < 0.001 ** 
WC (cm) 83.9 ± 8.2 88.1 ± 9.8 < 0.001 ** 77.7 ± 8.6 85.3 ± 9.7 < 0.001 ** 
SBP (mmHg) 121.0 ± 15.1 126.1 ± 14.5 0.013 ** 112.0 ± 15.3 122.2 ± 15.0 < 0.001 ** 
DBP (mmHg) 76.2 ± 10.3 80.2 ± 10.1 0.004 ** 70.2 ± 9.8 75.4 ± 10.2 0.006 ** 
LDL-C (mg/dL) 125.7 ± 31.1 129.8 ± 31.7 0.321 120.6 ± 32.0 137.2 ± 28.6 0.007 ** 
HDL-C (mg/dL) 56.1 ± 13.3 53.9 ± 13.1 0.222 68.2 ± 15.0 62.3 ± 16.1 0.041 *
TG (mg/dL) 124.6 ± 99.7 140.8 ± 87.4 0.221 84.3 ± 58.0 118.3 ± 57.4 0.002 ** 
FPG (mg/dL) 97.8 ± 12.8 100.0 ± 13.2 0.194 92.0 ± 10.9 99.8 ± 30.2 0.185
HbA1c (%) 5.6 ± 0.5 5.7 ± 0.4 0.456 5.6 ± 0.4 6.1 ± 1.4 0.078
UA (mg/dL) 6.2 ± 1.2 6.2 ± 1.2 0.972 4.6 ± 1.0 5.6 ± 1.4 0.001 ** 
Obesity (%) 487（27.8％） 23（39.7％） 0.049 * 171（11.4％） 9（32.1％） 0.001 ** 
AO (%) 708（40.5％） 35（60.3％） 0.002 ** 127（ 8.4％） 6（21.4％） 0.015 *
High SBP (%) 432（24.7％） 24（41.4％） 0.004 ** 194（12.9％） 12（42.9％） < 0.001 ** 
High DBP (%) 328（18.8％） 20（34.5％） 0.003 ** 127（ 8.4％） 7（25.0％） 0.002 *
High LDL-C (%) 992（56.7％） 36（62.1％） 0.418 730（48.5％） 20（71.4％） 0.016 *
Low HDL-C (%) 127（ 7.3％） 7（12.1％） 0.169 16（ 1.1％） 2（ 7.1％） 0.003 *
High TG (%) 419（24.0％） 17（29.3％） 0.348 112（ 7.4％） 9（32.1％） < 0.001 ** 
High FPG (%) 657（37.6％） 27（46.6％） 0.165 267（17.7％） 7（25.0％） 0.320
High HbA1c (%) 981（56.1％） 39（67.2％） 0.092 857（56.9％） 22（78.6％） 0.022 *
High UA (%) 396（22.6％） 14（24.1％） 0.781 14（ 0.9％） 4（14.3％） < 0.001** 
Fatty liver (%) 634（36.2％） 38（55.5％） < 0.001 ** 204（13.5％） 17（60.7％） < 0.001** 
Gallstones (%) 107（ 6.1％） 19（32.8％） < 0.001 ** 66（ 4.4％） 7（25.0％） < 0.001 ** 
Without exercise habit (%) 868（49.6％） 37（63.8％） 0.034 * 843（56.0％） 14（50.0％） 0.528
With smoking habit (%) 447（25.6％） 25（43.1％） 0.003 ** 133（ 8.8％） 6（21.4％） 0.021 *
With alcohol habit (%) 625（35.7％） 20（34.5％） 0.845 194（12.9％） 3（10.7％） 0.734
GA: gallbladder adenomyomatosis, BMI: body mass index, WC: waist circumference , SBP: systolic blood pressure, DBP: diastolic blood pressure, 
LDL-C: low-density lipoprotein cholesterol, HDL-C: high-density lipoprotein cholesterol, TG: triglycerides, FPG: fasting plasma glucose, 
HbA1c: hemoglobin A1c, UA: uric acid, AO: abdominal obesity. Age is shown as mean ± standard deviation (SD).  * : p <0.05, ** : p < 0.01

Table 2.  Variables Associated with GA in Multivariate Logistic Regression Analysis
RC SE odds ratio 95％ CI p value

Males
  Age 0.036 0.012 1.036 1.013–1.060 0.002 **
  WC 0.055 0.015 1.057 1.025–1.089 < 0.001 **
  With smoking habit 0.873 0.281 2.395 1.380–4.156 0.002 **
Females
  Age 0.053 0.017 1.054 1.019–1.090 0.002 **
  BMI 0.167 0.052 1.182 1.067–1.309 0.001 **
  HbA1c 0.622 0.210 1.863 1.234–2.812 0.003 **
  UA 0.494 0.163 1.639 1.191–2.255 0.002 **
  With smoking habit 1.085 0.523 2.961 1.063–8.250 0.038 * 
GA: gallbladder adenomyomatosis, RC: regression coe�cient, SE: standard error, CI: con�dence interval, 
WC: waist circumference , BMI: body mass index, HbA1c: hemoglobin A1c, UA: uric acid. * : p <0.05, **: p < 0.01
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Moreover, age, WC, and smoking habit remained sig-
ni�cantly associated with GA in males, while age, BMI, 
HbA1c, UA, and smoking habit became significantly 
associated for female subjects a�er adjustment for other 
risk factors. Furthermore, fatty liver and gallstones re-
mained associated with GA both in males and females 
a�er adjusting for other risk factors. �ese results sug-
gest that GA is closely related with metabolic abnor-
malities such as obesity, smoking habit, fatty liver, and 
gallstones.

The present study is the only one so far to have fo-
cused on the relationship between GA and smoking 
habit. Our �nding that GA is strongly associated with 
smoking habit is unexpected and stimulates interest and 
discussion.. 

Although King et al.2 previously proposed that ade-
nomyomatosis is a consequence of chronic inflamma-
tion, and named this condition cholecystitis glandularis 
proliferans, the pathogenesis of GA is still unknown. 
In�ammation is not always present, particularly when 
the lesion is localized at the fundus17. Regarding pres-
sure-related colonic diverticula, Rokitansky-Aschoff 
sinuses are most likely to be found where the muscle 
layer is weakest (i.e. at the site of a penetrating blood 
vessel). It has been postulated that increased intralumi-
nal pressure in the gallbladder resulting from obstruc-
tion by calculi, a congenital septum, an acquired kink 
in the cystic duct, or gallbladder dyskinesia promote 
cystic dilatation of the Rokitansky-Ascho� sinuses4. In 
addition, several investigators have observed an asso-
ciation between adenomyomatosis and an anomalous 
pancreaticobiliary ductal union. In one study, half of 
the patients with adenomyomatosis had an anomalous 
pancreaticobiliary ductal union18, and in another study, 
one third of patients with an anomalous pancreatico-
biliary ductal union had adenomyomatosis19. �us, the 
pathogenic mechanism of GA remains unclear. 
　Our study suggests that tobacco may be a risk fac-

tor for GA. Tobacco might accelerate and intensify me-
chanical and/or functional dysfunction of the gallblad-
der. Additionally, some studies20–22 have demonstrated 
that the other two diseases addressed in this study, fatty 

liver and gallstones, were also associated with smoking, 
while other studies13,23–25 have reported that no rela-
tionship existed between them and smoking. Our previ-
ous study20 indicated that not only metabolic disorders, 
such as AO, but also smoking habit were independently 
associated with non-alcoholic fatty liver disease (NA-
FLD). �us, the in�uence of tobacco on these three dis-
eases remains to be elucidated.

As described above, fatty liver and gallstones were 
signi�cantly associated with GA in both males and fe-
males even a�er adjusting for other risk factors. �ese 
results suggest that GA, fatty liver, and gallstones might 
share common risk factors and pathogenic mechanisms. 
Koller et al.13 reported that NAFLD was an indepen-
dent risk factor for cholelithiasis and might represent 
a pathogenetic link between metabolic syndrome and 
cholelithiasis. Furthermore, Asai et al.16 verified that 
activation of the hypoxia inducible factor 1α subunit 
pathway in the steatotic liver concentrates biliary lipids 
via the suppression of water secretion from hepatocytes 
and increases the formation of cholesterol gallstones. 
In contrast, studies on the pathogenesis of GA have not 
produced signi�cant results. �is may be due to the fact 
that GA is considered a benign disease and does not 
attract much interest from investigators. Longitudinal 
studies are therefore needed to clarify the factors or en-
tities that exist before GA emerges and to identify the 
potential risk factors for GA.

Our results indicating that the frequencies of the 
three diseases, GA, fatty liver, and gallstones, were 
higher in males than in females, are consistent with 
previous studies15,26 . The acknowledged finding27,28 
that the prevalence of metabolic syndrome is higher in 
males than in females might be a causative factor for 
these diseases, because all three of them are associated 
with metabolic risk factors. Intriguingly, the present 
study indicated that the number of metabolic risk fac-
tors related to GA was higher in females than in males 
not only in univariate analyses but also in multivariate 
analyses. Liu et al.29 reported that NAFLD was more 
associated with gallstones in females than males in a 
longitudinal cohort study in a Chinese urban popula-

Table 3  Relationship between GA and Fatty Liver or Gallstones Adjusted for Other Risk Factors
RC SE odds ratio 95％ CI p value

Males
   Fatty liver 1.215 0.284 3.370 1.933–5.877 < 0.001 **
   Gallstones 1.965 0.303 7.137 3.941–12.922 < 0.001 **
Females
   Fatty liver 1.644 0.445 5.176 2.164–12.380 < 0.001 **
   Gallstones 1.409 0.533 4.092 1.441–11.624 0.008 ** 
GA: gallbladder adenomyomatosis, RC: regression coe�cient, SE: standard error, CI: con�dence interval
* : p <0.05, ** : p < 0.01
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tion. While the in�uence of sex on gallbladder diseases 
remains unclear, the present study showed that GA is 
strongly associated with metabolic parameters in both 
males and females.

Our study has several limitations. First, the diagnosis 
of GA was based on ultrasound imaging. �e absence 
of a gold standard for the diagnosis of GA contributes 
to lack of accuracy. Secondly, the fact that our study 
population included individuals subjected to abdominal 
ultrasound as part of a comprehensive health check-up 
may have led to a selection bias, and may not be in-
dicative of the general population. Finally, because the 
study design was cross-sectional, we can only suggest 
that there is an association between GA and metabolic 
abnormalities, fatty liver, and gallstones. Longitudinal 
studies are now needed.

Conclusions
Our analysis suggests that not only fatty liver and 

gallstones but also GA is strongly associated with meta-
bolic risk factors, and in particular, GA is closely associ-
ated with smoking habits, fatty liver, and gallstones.

An abstract of this paper was presented at the 58th 
Congress of the Japan Society of Ningen Dock held in 
August 2017.
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