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Aim: Gallstone disease (GSD), non-alcoholic fatty liver disease (NAFLD), and metabolic

syndrome (MetS) are common problems. The aim of this study was to investigate the

association between NAFLD, MetS and its components with GSD.

Materials and Methods: This cross-sectional study was conducted as a part of the Kavar

Cohort Study (KCS) affiliated to Shiraz University of Medical Sciences, Shiraz, Iran between

January 2012 and January 2018. A total of 2239 participants of the general population of

the KCS were selected randomly. Ultrasonography for GSD and NAFLD diagnosis and

clinical and laboratory assaying for MetS evaluation were performed for the participants.

The National Cholesterol Education Program Adult Treatment Panel III (NCEP/ATP-III) and

Criteria for Clinical Diagnosis of MetS in Iranian Adults (CCDMIA) were used for diagnosis

of MetS.

Results: Overall, 59 patients with GSD and 177 age- and sex- matched participants without

gallstones as a comparison group were enrolled. According to GSD groups, NAFLD was

observed in 42.4% and 22.6% of patients with and without GSD, respectively, and the

difference between the two groups was statistically significant (P = 0.003). MetS was present

in 33.9% and 39.0% of GSD subjects, compared with 32.8% and 33.3% of the non-GSD

group, based on NCEP/ATPIII and CCDMIA, respectively. Although the mean of all

components of MetS except HDL-cholesterol were higher in the GSD group than in the non-

GSD group, the difference was only significant in waist circumference (P = 0.041).

Conclusion: The present study found an obvious association between NAFLD and GSD.

This study also showed a significant association between increasing waist circumference and

risk of GSD. We recommend that patients with GSD should be evaluated for the likelihood

of NAFLD and its treatment in addition to lifestyle changes to gain proper weight. However,

further researches are needed to clarify the relationship between the nature of GSD, NAFLD,

and obesity.

Keywords: gallstone disease, non-alcoholic fatty liver disease, metabolic syndrome, waist

circumference, ultrasonography

Introduction
Gallstone disease (GSD) is a chronic recurrent hepatobiliary disease and is one of themost

prevalent gastrointestinal disorders with important worldwide health concerns.1 The

mechanism of GSD is the impaired metabolism of cholesterol, bilirubin and bile acids,

which is characterized by the formation of gallstones in the hepatic bile duct, common bile

duct, or gallbladder.2 It has different prevalence in different areas worldwide. Its pre-

valence is less than 5% inAfrican countries,3 and 15% inNorth American population.4 In

Correspondence: Ramin Niknam
Gastroenterohepatology Research
Center, Shiraz University of Medical
Sciences, 9th Floor, Pagooheshi Borj,
Nemazee Hospital, Shiraz P. O. Box.
71935-1311, Iran
Tel/Fax +98 7136281442
Email niknamramin@yahoo.com

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13 1449–1458 1449

http://doi.org/10.2147/DMSO.S246949

DovePress © 2020 Sepehrimanesh et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

D
ia

be
te

s,
 M

et
ab

ol
ic

 S
yn

dr
om

e 
an

d 
O

be
si

ty
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-2608-8018
http://orcid.org/0000-0002-0791-0133
http://orcid.org/0000-0002-9880-0043
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


Iran, the prevalence of GSD was reported to be about 0.8% in

Amol,5 2.5% in Birjand,6 and 4.7% in Southern Iran.7 Risk

factors for GSD have been described in previous epidemiolo-

gical reports and obesity and hyperinsulinemia are the most

related of these.8

Metabolic syndrome (MetS) was firstly described as the

cluster of cardiovascular-related risk factors in 1988.9 Indeed,

MetS includes diabetes with raised fast plasma glucose,

abdominal obesity, hypertension, and hyperlipidemia.10 The

Mets has high prevalence (approximately 22%) in the general

population, with differences in relation to race, gender, and

age.11 Obesity, as a component of MetS is closely associated

with the increased morbidity and mortality caused by several

of the most common metabolic diseases including diabetes,

hypertension, cardiovascular diseases, cancer, and gallstone

disease (GSD).8,9 Also, when MetS occurs, the risk of cardi-

ovascular disease and diabetes is increased 1.5–2 fold.12

Non-alcoholic fatty liver disease (NAFLD) is a com-

mon liver disease and is defined as the accumulation of

triglycerides in hepatocytes without any other reason, for

example, excessive alcohol consumption, viral or autoim-

mune hepatitis or iron overload. The presentation of

NAFLD ranges from asymptomatic fatty steatosis to stea-

tohepatitis, which can lead to fibrosis, cirrhosis, and hepa-

tocellular carcinoma.13–15 Although liver biopsy is the

gold standard for the diagnosis of NAFLD, it has known

limitations, including the invasive nature of liver biopsy.

Therefore, much research has been done recently on the

non-invasive evaluation for diagnosis of patients with

NAFLD.16 Many recent studies17,18 have been performed

to assess the association between GSD and NAFLD, and

they showed that GD was significantly associated with

NAFLD.

There is no report from Iran on the relationship

between GSD and MetS or between GSD and NAFLD.

On the other hand, the high prevalence and cost of GSD,

NAFLD, and MetS provide important conditions in which

further studies are needed. Therefore, the purpose of this

population-based study was to estimate the association of

NAFLD, MetS and its components with GSD in Kavar,

a city in southern Iran.

Materials and Methods
Participants
This study was conducted as part of the Kavar Cohort Study

(KCS) which was started in 2006 in Kavar town. This town

has a population of about 71,856 and is located 35 kilometers

southeast of Shiraz, the capital of Fars province, Iran. Two

research centers, the Gastroenterohepatology Research

Center and Endocrine Research Center, affiliated to Shiraz

University of Medical Sciences are implementing KCS. In

the original cohort study, demographic and anthropometric

characteristics of participants are documented in the

questionnaire.

Ethical Approval/Statement
The study was conducted in accordance with the Helsinki

Declaration of Ethics for Medical Research and was

approved by the Ethics Committee of Shiraz University

of Medical Sciences (93-01-13-7630). Written informed

consent was obtained from all patients to review their

medical records.

Grouping
In this cross-sectional study, 2,239 participants from the

general population of KCS from both genders with no age

limitation were selected randomly between January 2012

and January 2019. Ultrasonography was performed to

diagnose GSD and NAFLD as well as clinical and labora-

tory assaying to evaluate MetS for all participants. In order

to compare the GSD group with a non-GSD group, a block

randomization method was used to select the age- and sex-

matched group from this population.

Exclusion criteria for both GSD and non-GSD groups

were history of cholecystectomy for reasons other than GSD,

pregnancy, alcoholism, viral hepatitis, autoimmune hepatitis,

hemochromatosis, Wilson’s disease, medication use that

causes hepatic steatosis (eg, anti-retroviral agents for HIV,

amiodarone, methotrexate, glucocorticoids, valproate,

tamoxifen), known cases of malignancy, drug-induced liver

injury, cirrhosis, and non-cooperative patients because these

conditions can act as confounders for our variables.

Diagnosis of GSD, NAFLD, andMetS syndrome, as well

as evaluation of individual records, including exclusion cri-

teria in both groups, were evaluated by a gastroenterologist.

The interviewer, who was trained before the study, also

collected and recorded various variables such as sex, age,

weight, height, laboratory data on a checklist. Finally, the

frequency of NAFLD and MetS components in participants

with and without GSD was measured and compared.

Measurements
GSD was diagnosed by using ultrasonography. Gallstones

were defined by the presence of strong intraluminal echoes

that were gravity-dependent or attenuated ultrasound
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transmission. Sonograms were obtained with commer-

cially available units using static and real-time scanning.

A 3.5-MHz transducer was routinely used, with a 2.25-

MHz transducer reserved for areas difficult to penetrate.

The patients were examined in both supine and left poster-

ior oblique positions, with longitudinal, transverse, and

oblique scanning planes.

Waist circumference between the lowest rib and the

iliac crest at the level of the umbilicus were measured in

duplicate in cm with flexible tape. Systolic and diastolic

blood pressure was measured in duplicate on the left upper

arm using a random zero sphygmomanometer and the

average used for analysis.

All laboratory parameters were checked under inter-

national standards in the specialized laboratory of

Gastroenterohepatology Research Center. The blood spe-

cimens were transmitted to this lab in less than an hour on

ice. Plasma glucose was measured by the glucose-

peroxidase colorimetric enzymatic method with

a sensitivity of 5 mg/dL and intra-assay coefficients of

variation (CV) I.7% in lower limit and 1.4% in upper

limit concentrations. Inter-assay CV for the assay was

1.1% in lower limit and 0.6% in upper limit concentra-

tions. Serum cholesterol and triglyceride of all the parti-

cipants were measured after 12–14 hours of fasting with

colorimetric method with a sensitivity of 5 mg/dl. Intra-

assay and interassay CV for the assay was 1.6% and 1.1%

in lower limit and 0.6% and 0.9% for upper limit con-

centrations, respectively. High-density lipoprotein-

cholesterol (HDL-cholesterol) was measured after preci-

pitation of the apolipoprotein B containing lipoproteins

with phosphotungstic acid (Pars azmoon kit, Iran).

MetS Criteria
Two different criteria, namely the National Cholesterol

Education Program Adult Treatment Panel III (NCEP/

ATP-III)19,20 and Criteria for Clinical Diagnosis of MetS

in Iranian Adults (CCDMIA),21 were used for diagnosis of

MetS. In both criteria, the MetS was defined as the pre-

sence of three or more of the components presented in

Table 1.

NAFLD Definition
Diagnosis of NAFLD was made based on demonstration

of hyper-echogenicity areas on sonography examination.

The severity of NAFLD on sonography was divided as

follows: grade 1, slight and diffuse increase in echoes of

liver parenchyma with normal visualization of intrahepatic

vessel borders and diaphragm; grade 2, moderate and

diffuse increase in echoes of liver parenchyma with

slightly impaired visualization of diaphragm and intrahe-

patic vessels; grade 3, marked increase in echoes of liver

parenchyma with poor or non-visualization of intrahepatic

vessel borders, diaphragm, and posterior right lobe of the

liver.22 Laboratory data of each NAFLD were evaluated to

exclude other diseases such as viral hepatitis, autoimmune

hepatitis, hemochromatosis, and Wilson’s disease. As

mentioned earlier, participants were excluded by the fol-

lowing criteria: viral hepatitis, autoimmune hepatitis,

hemochromatosis, Wilson’s disease, medication use that

causes hepatic steatosis (eg, anti-retroviral agents for

HIV, amiodarone, methotrexate, glucocorticoids, valpro-

ate, tamoxifen), known cases of malignancy, drug-

induced liver injury, cirrhosis, pregnancy, and history of

alcoholism.

Statistical Analysis
The data were stored in a computer database and missing

values and data entry errors were checked. All qualitative

data were expressed as frequency and percentage.

Analysis of the relationship between GSD and MetS

and its component were performed using Chi-Square

test. Quantitative data were expressed as mean and stan-

dard deviation (SD) and their differences between two

groups were studied using two independent sample

t-tests. A P value lower than 0.05 was considered as

a significant difference.

Table 1 Two Criteria for Clinical Diagnosis of Metabolic

Syndrome (MetS) Which were Used in This Study

Measures MetS Criteria

NCEP/ATP-III CCDMIA

Waist

circumference

>102 and >88 cm in men

and women

≥95 cm in both

genders

Triglyceride ≥150 mg/dL ≥150 mg/dL

High density

lipoprotein

<40 and <50 mg/dL in

men and women

<40 and <50 mg/dL

in men and women

Blood pressure SBP/DBP ≥130/85 mmHg SBP/DBP ≥130/85

mmHg

Fasting blood

sugar

≥110 mg/dL ≥100 mg/dL

Abbreviations: NCEP/ATP-III, National Cholesterol Education Program Adult

Treatment Panel III; CCDMIA, Criteria for Clinical Diagnosis of MetS in Iranian

Adults; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Results
Overall, of the 2,239 participants from the general popula-

tion, 59 and 177 participants with and without GSD were

included in this study, respectively. The GSD to compar-

ison group ratio was 1:3 and these two groups were age-

and sex-matched (Figure 1).

In the GSD group, there were 51 (86.4%) women and 8

(13.6%) men with a mean age of 49.78 ± 16.15 years. The

comparison group consisted of 138 (78.0%) women and 39

(22.0%) men with a mean age of 51.52 ± 17.11 years. No

significant differences existed between the two groups neither

in age (P = 0.494) nor in sex (P =0.158). BMI was signifi-

cantly higher in the GSD group than in the non-GSD group

(P = 0.022). Baseline demographic and clinical characteristics

of enrolled GSD and non-GSD participants are shown in

Table 2.

Overall, according to NCEP/ATPIII (P = 0.873) and

CCDMIA (P = 0.430) criteria, there was no significant

association between MetS and existence of GSD (Table 2).

Comparison of the mean and SD of each MetS compo-

nents in GSD and comparison groups are presented in

Table 3. Although the mean of all components of MetS

except HDL-cholesterol were higher in the GSD group

than in the comparison group, the difference was only

significant in WC (91.14 ± 13.48 cm in the GSD group

vs 87.24 ± 12.36 cm in the comparison group, P = 0.041).

Non- gall stone disease group (n==177)

Selected randomly participants (n=2239)

Excluded participants a (n= 2003)

Age- and sex- matched included participants

Gall stone disease group (n=59)

NCEP/ATP-III

Positive (n=20)

Negative (n=39)

NAFLD

Positive (n=25)

Negative (n=34)

CCDMIA

Positive (n=23)

Negative (n=36)

General population of K.C.S

NAFLD

Positive (n=40)

Negative (n=137)

NCEP/ATP-III

Positive (n=58)

Negative (n=119)

CCDMIA

Positive (n=59)

Negative (n=118)

Figure 1 Flow diagram for the participants’ selection process.

Notes: aParticipants with history of cholecystectomy, pregnancy, alcoholism, viral hepatitis, auto immune hepatitis, Hemochromatosis, Wilson disease, medication use that

causes hepatic steatosis (eg, anti-retroviral agents for HIV, amiodarone, methotrexate, glucocorticoids, valproate, and tamoxifen), known cases of malignancy, drug-induced

liver injury, cirrhosis, and non-cooperative patients were excluded.

Abbreviations: K.C.S, Kavar Cohort Study; MetS, metabolic syndrome; NCEP/ATP-III, National Cholesterol Education Program Adult Treatment Panel III; CCDMIA,

Criteria for Clinical Diagnosis of MetS in Iranian Adults; NAFLD, non-alcoholic fatty liver disease.
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The comparison between each component of MetS and

presence of GSD, based on NCEP/ATP-III and CCDMIA

criteria, are presented in Table 4. As demonstrated, only

increasing waist circumference in both criteria showed

a significant association with increasing of GSD (P =

0.013 and P = 0.022, for NCEP/ATP-III and CCDMIA,

respectively).

Overall, 65 patients (27.5%) had NAFLD of which

63.1%, 32.3%, and 4.6% had grade 1, 2, and 3 severities

on ultrasound. As shown in Table 5, according to presence

of NAFLD, the four components of MetS including WC

(P< 0.001), FBS (P= 0.005), triglycerides (P< 0.001),

systolic blood pressure (P=0.004), and diastolic blood

pressure (P< 0.001) were significantly higher in NAFLD

participants than in the non-NAFLD group. HDL-

cholesterol was also higher in the non-NAFLD group but

the difference was not significant (P=0.474).

According to the GSD groups, NAFLD was observed

in 25 (42.4%) and 40 (22.6%) of patients with and without

GSD, respectively, and the difference between the two

groups was statistically significant (P=0.003). Frequency

of different types of NAFLD severity was higher in

the GSD group than in the comparison group but this

difference was only significant in mild NAFLD

(P=0.008). In terms of gender, in the male group,

NAFLD was seen in 25.0% and 17.9% of patients with

and without GSD, whereas in the female group, NAFLD

was observed in 45.1% and 23.9% of patients with and

without GSD, respectively. The comparison of liver bio-

chemical tests and different types of NAFLD between

positive and negative GSD are shown in Table 6. ALT

and AST levels in the NAFLD were significantly higher

than the non-NAFLD group but the difference in GSD

from non-GSD was not significant (Tables 5 and 6).

Discussion
This cross-sectional study in the general population

showed a significant association between NAFLD and

GSD. Also, the association between MetS and its compo-

nents with GSD were evaluated based on criteria from

both NCEP/ATPIII and CCDMIA. Although the mean of

all MetS components was different between the GSD and

non-GSD groups, this difference was significant only in

waist circumference.

GSD is one of the most prevalent gastrointestinal dis-

orders with important worldwide health concern.1 It has

different prevalence in different areas worldwide.3 GSD

Table 2 Baseline Demographic and Clinical Characteristics of

Enrolled Gallstone Disease (GSD) (n=59) and Non- GSD

Participants (N= 177)

Variables GSD Group;

N (%)

Non-GSD Group;

N (%)

P-value

Gendera 0.158

Female 51 (86.4%) 138 (78.0%)

Male 8 (13.6%) 39 (22.0%)

Ageb (years) 49.78 (16.15%) 51.53 (17.11%) 0.494

Body mass

indexc (kg/m2)

26.68 (4.77%) 25.17 (4.57%) 0.022

Educationa 0.708

Elementary 49 (83.0%) 146 (82.4%)

High school 2 (3.4%) 2 (1.1%)

Diploma 6 (10.2%) 16 (9.0%)

Bachelor 2 (3.4%) 13 (7.3%)

NCEP/ATP-III

criteriaa
20 (33.9%) 58 (32.8%) 0.873

CCDMIA criteriaa 23 (39.0%) 59 (33.3%) 0.430

NAFLDa 25 (42.4%) 40 (22.6%) 0.003

Notes:t aChi-square Test. bMean (standard deviation); t-test. cMean (standard

deviation); Mann–Whitney test

Abbreviations: NCEP/ATP-III, National Cholesterol Education Program Adult

Treatment Panel III; CCDMIA, Criteria for Clinical Diagnosis of MetS in Iranian

Adults; NAFLD, non-alcoholic fatty liver disease.

Table 3 The Comparison of Metabolic Syndrome (MetS)

Components Between Gallstone Disease (GSD) and Non- GSD

Groups

MetS Components Groups Mean ± Standard

Deviation

P-value*

Waist circumference (cm) GSD 91.14 ± 13.48 0.041

Non-GSD 87.24 ± 12.36

Systolic blood pressure

(mmHg)

GSD 120.59 ± 21.62 0.976

Non-GSD 120.48 ± 25.52

Diastolic blood pressure

(mmHg)

GSD 77.03 ± 12.53 0.102

Non-GSD 74.04 ± 12.01

High density lipoprotein

(mg/dL)

GSD 44.50 ± 10.69 0.152

Non-GSD 47.20 ± 11.78

Triglycerides (mg/dL) GSD 137.22 ± 103.81 0.451

Non-GSD 124.18 ± 107.91

Fasting blood sugar (mg/

dL)

GSD 98.88 ± 27.91 0.528

Non-GSD 96.24 ± 25.25

Note: *t-test.
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risk factors have been studied in previous reports that

showed obesity and hyperinsulinemia are the most impor-

tant associated factors.8

As seen in our study, according to the previous epi-

demiologic studies, women have a higher prevalence of

GSD than men. It has been reported that estrogen is an

obvious factor for this gender difference,23 however, the

menopausal status of women and also their estrogen

levels were not considered in this study. These two fac-

tors can be used as independent variables for performing

other similar researches.

In a previous study inMexico, it had been reported that the

presence of high waist circumference was the most important

factor associated with the risk of having GSD.8 Also,

a population-based follow-up study on GSD in Taiwan

showed that greater waist circumference was associated with

the development of GSD among type II diabetics.24 Higher

waist circumference as an indicator of abdominal obesity may

play an important role in the pathophysiology of both diseases.

Bray and Bellanger12 showed that as body weight rises, the

risk of gall bladder disease increases. The association between

obesity and cholesterol gallstones has also been studied

and showed that GSD is more common in women than in

men.25,26 Scheffer27 also found in one study that obesity is

a major risk factor for GSD. Chang et al28 reported that the

prevalence of abdominal obesity and MetS in subjects with

GSDwere higher than in thosewithout. In two other important

studies, it was reported that MetS was associated with com-

plicated GSD.29,30 As a mechanism of GSD formation, obe-

sity is associated with increased synthesis and excretion of

cholesterol into the bile.2 A low-fiber diet slows transit of the

intestinal contents, which promotes the increased formation

and absorption of secondary bile acids and the enhanced

lithogenic properties of bile.31 On the other hand, weight

loss is accompanied by the elevated levels of mucin and

calcium in the cystic bile, thereby giving rise to biliary sludge

and stones in the gallbladder.2 Although in our study, other

Table 4 The Comparison Between Each Component of

Metabolic Syndrome (MetS) and Presence of Gallstone Disease

(GSD), Based on NCEP/ATP-IIIa and CCDMIAb Criteria

MetS Components;

N (%)

Picture Groups P-value*

GSD (59) Non-GSD

(177)

High Waist

Circumference

NCEP/ATPIII Yes 35 (32.7) 72 (67.3) 0.013

No 24 (18.6) 105 (81.4)

CCDMIA Yes 25 (34.7) 47 (65.3) 0.022

No 34 (20.7) 130 (79.3)

Hyperglycemia

NCEP/ATPIII Yes 13 (31.0%) 29 (69.0%) 0.326

No 46 (23.7%) 148 (76.3%)

CCDMIA Yes 23 (30.7%) 52 (69.3%) 0.170

No 36 (22.4%) 125 (77.6%)

Hypertension Yes 29 (28.4) 73 (71.6) 0.288

No 30 (22.4) 104 (77.6)

Low HDL level Yes 44 (27.8%) 114 (72.2%) 0.150

No 15 (19.2%) 63 (80.8%)

Hypertriglyceridemia Yes 20 (26.7%) 55 (73.3%) 0.687

No 39 (24.2%) 122 (79.2)

Notes: aNational Cholesterol Education Program Adult Treatment Panel III.
bCriteria for Clinical Diagnosis of MetS in Iranian Adults. *Chi-square Test.

Table 5 The Comparison of Clinical and Demographic and

Laboratory Data Characteristics Between Non-Alcoholic Fatty

Liver Disease (NAFLD) (n=65) and Non-NAFLD (n=171)

Groups

Variables NAFLD Non-

NAFLD

P-value

Gender; N (% within

NAFLD)a

Female

Male

56 (86.2%)

9 (13.8%)

133 (77.8%)

38 (22.2%)

0.150

Ageb(years) 57.11 (10.60) 48.79 (18.22) <0.001

Body mass indexb (kg/m2) 28.80 (3.902) 24.31 (4.31) <0.001

Waist circumferenceb, cm 96.94 (11.56) 84.90 (11.56) <0.001

Fasting blood sugarc; mg/dL 101.45

(24.47)

95.14 (26.15) 0.005

Aspartate transaminasec; IU/L 28.15 (21.92) 17.08 (8.20) <0.001

Alanine transaminasec; IU/L 26.88 (24.91) 12.44 (6.86) <0.001

Alkaline phosphatasec; IU/L 198.85

(62.00)

184.78

(72.99)

0.052

Total cholesterolc; mg/dL 190.78

(44.85)

157.05

(46.20)

<0.001

Triglyceridec; mg/dL 176.30

(155.58)

109.19

(75.74)

<0.001

HDL-cholesterol c; mg/dL 45.71 (11.51) 46.96 (11.63) 0.474

Blood pressure

Systolic blood pressurec; mm

Hg

128.00 (25.63) 117.66

(23.59)

0.004

Diastolic blood pressurec; mm

Hg

79.69 (11.31) 72.92 (12.01) <0.001

Notes: aChi-square Test. bMean (standard deviation); t-test. cMean (standard devia-

tion); Mann–Whitney test.
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MetS components except HDL-cholesterol including FBS,

triglyceride, and blood pressure were higher in patients with

GSD than the comparison group, there was no significant

difference between the two groups. These results are in con-

trast to the significant association of HDL-cholesterol,8

triglyceride, and blood pressure32 reported previously.

Although a few previous studies have shown that the

overall prevalence of GSD in patients with NAFLD is not

significantly different from those with non-NAFLD,33

many recent studies suggest a significant association

between them.17,18,34-38 In our study, there was significant

association between GSD and NAFLD (Table 6). NAFLD

was present in 62% of GSD patients in one observational

study by Ahmed et al,38 which was higher than our report

(42.4%), also the level of LFT in their patients was higher

in the NAFLD group, which was similar to our study

(Table 5). Most of their GSD patients were female,

which was similar to our study and may be due to differ-

ences in sex hormones and cholesterol metabolism in

women.38 A cross-sectional study of 7,583 Chinese sub-

jects showed that asymptomatic gallstones are strongly

associated with NAFLD in this population,37 which is

consistent with our study. Another study of the Chinese

population concluded that NAFLD is associated with GSD

in an urban population of middle and upper socioeconomic

strata. As in our study, this association was stronger in

females than in males.36 Another research, like our study

results, showed that patients with metabolic risk factors

and GSD were more likely to suffer from NAFLD than the

reference group, and NAFLD was an independent risk

factor for GSD.35 A study by Garcia-Monzon et al39

aimed to determine the prevalence of different histological

manifestations of NAFLD, assessing the performance of

noninvasive fibrosis markers, and evaluation of risk factors

associated with biopsy-proven NASH in GSD patients. In

this study, abdominal ultrasound and liver biopsy were

performed on 215 consecutive patients with GSD referred

to cholecystectomy. They concluded that the prevalence of

NASH in GSD was lower than previously estimated, but

NASH is particularly frequent in patients with concomi-

tant MetS. A study of Turkish patients showed that GSD

was associated with age, female gender, obesity, and the

MetS, but not with an increased risk of NASH and sig-

nificant fibrosis in patients with biopsy-proven NAFLD.40

Finally, two Systematic Reviews and Meta-Analyses17,18

have been performed to assess the association between

GSD and NAFLD, which showed that GD was signifi-

cantly associated with NAFLD. In addition, the occurrence

of GSD is significantly associated with female gender and

BMI in patient with NAFLD,18 which is similar to the

results of our study.

The association between GSD and severity of NAFLD

has been studied in some published reports. In a cohort

study of 7,886 participants, older age and higher grade of

NAFLD on ultrasound were independent risk factors for

GSD.41 Another cohort study of middle-aged and young

participants showed that NAFLD and its severity were

independently associated with increased GSD, while

GSD and cholecystectomy were also associated with the

incidence of NAFLD. This study concluded that these

conditions may affect each other.42 A study by Lee et al43

aimed to determine the relationship between the severity

of NAFLD and GSD in a Taiwanese population. They

concluded that independently of the metabolic risk factor,

only moderate to severe NAFLD was associated with an

increased risk of GSD. Age, female gender, hypertension,

and diabetes mellitus were also associated with a higher

risk of GSD, but moderate alcohol consumption and lower

HDL-C levels were lower risk.43 Compared with the study

mentioned, the frequency of different types of NAFLD

severity in our participants was higher in the GSD group

than in the comparison group, but this difference was only

significant in mild NAFLD (Table 6).

Table 6 The Comparison of Liver Biochemical Tests and Different

Types of Non-Alcoholic Fatty Liver Disease (NAFLD) Between

Gallstone Disease (GSD) (n=59) and Non- GSD (n=177) Groups

Laboratory Data

Variables*

GSD Non-GSD P-value

NAFLD*a; N (% within

GSD)

25 (42.4%) 40 (22.6%) 0.003

Grade 1 17 (28.8%) 24 (13.6%) 0.008

Grade 2 6 (10.2%) 15 (8.5%) 0.692

Grade 3 2 (3.4%) 1 (0.6%) 0.100

Alanine transaminaseb; IU/

L

14.78 (9.26) 16.97

(17.24)

0.148

Aspartate transaminaseb;

IU/L

18.02 (8.46) 20.83

(15.71)

0.742

Alkaline phosphataseb; IU/

L

202.17

(103.87)

184.15

(54.41)

0.398

Body mass indexc (kg/m2) 26.68 (4.77) 25.17 (4.57) 0.031

Notes: aChi-square test. bMean (standard deviation); Mann–Whitney test. cMean

(standard deviation); t-test. *The severity of NAFLD on sonography was divided as

follows: grade 1, slight and diffuse increase in echoes of liver parenchyma with

normal visualization of intrahepatic vessel borders and diaphragm; grade 2, moder-

ate and diffuse increase in echoes of liver parenchyma with slightly impaired

visualization of diaphragm and intrahepatic vessels; grade 3, marked increase in

echoes of liver parenchyma with poor or non-visualization of intrahepatic vessel

borders, diaphragm, and posterior right lobe of the liver.

Dovepress Sepehrimanesh et al

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13 submit your manuscript | www.dovepress.com

DovePress
1455

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


The association between NAFLD and cholecystect-

omy has been also studied in various published reports.

Analysis of data from the Third National Health and

Nutrition Survey (NHANES III) showed that the magni-

tude of association of NAFLD with cholecystectomy

was similar to central obesity.44 A cross-sectional

study of 17,612 Asian subjects showed that cholecys-

tectomy, but not GSD, was independently associated

with NAFLD after adjusting for metabolic risk

factors.45 The association between NAFLD and chole-

cystectomy, but not with GSD, suggested that cholecys-

tectomy may itself be a risk factor for NAFLD.46

A study evaluating the prevalence of non-alcoholic stea-

tohepatitis and metabolic syndrome in symptomatic

GSD patients undergoing laparoscopic surgery or open

cholecystectomy showed that 55% of these patients had

biopsy-proven non-alcoholic steatohepatitis.47

There are several gut and gut-related hormones

including ghrelin, glucagon-like peptide-1, peptide tyro-

sine tyrosine, insulin, leptin, and adiponectin.48 In some

studies, the role of the gut hormone in the pathophysiol-

ogy of GSD has been addressed. For instance, it has

been reported that large basal plasma concentrations of

pancreatic polypeptide, a gut peptide inducing gallblad-

der relaxation, may constitute a factor facilitating

lithogenesis.49 However, assessing the amount of gut-

related hormones in the GSD patients with and without

MetS is highly recommended for clarifying the under-

lying pathophysiology.

This is the first report to show the association of NAFLD

and MetS in GSD from Iran. The main strength of our

research was that our study was population-based. Other

strength of our research was the appropriate inclusion and

exclusion criteria for both groups to limit the influence of

various confounding factors on NAFLD and MetS compo-

nents. Finally, our research had the age- and sex-matched

comparison group with considerable sample size. Our study

suffered from important limitations. First, the sample size of

patients with GSD in our study was relatively low.

However, in an effort to overcome this limitation, we

increased the number of age- and gender-matched compar-

ison group as well as eliminating important confounding

factors that may affect the NAFLD and the MetS by strict

exclusion criteria. Second, the diagnosis of NAFLD was

based only on sonography. Although liver biopsy is the gold

standard for the diagnosis of NAFLD, like many researches

because of the invasive nature of liver biopsy and the high

cost, only sonography and liver biochemical tests

were considered for diagnosis.15,16 On the other hand,

although the ability to identify NAFLD patients and esti-

mate steatofibrosis over the past years has improved with

various ultrasound-based techniques including semi-

quantitative, quantitative, contrast-enhanced, and elasto-

graphic ultrasound techniques, further research is needed

to more precisely define the role of the most innovative

sonographic techniques.50 Third, we were unable to evalu-

ate or exclude the effects of some potential confounding

factors on NAFLD or Mets in participants such as physical

activity and nutrition patterns.

In conclusion, the present study found an obvious

association between NAFLD and GSD. It also showed

a significant association between increasing waist circum-

ference and risk of GSD. We recommend that patients with

GSD should be evaluated for the likelihood of NAFLD

and its treatment in addition to lifestyle changes to gain

normal weight. However, the mechanism for these asso-

ciations remains unclear, further researches are needed to

clarify the relationship between the nature of GSD,

NAFLD, and obesity.
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