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ABSTRACT
Background: There is limited data about the prevalence of frequent gastrointestinal diseases in developing parts of the world based on 
community-based screening studies. Therefore, we aimed to present the detailed transabdominal ultrasonography results of the previ-
ously completed Turkey Cappadocia cohort study, which included a population-based evaluation of gastrointestinal symptoms and 
diseases in adults.
Methods: This cross-sectional study was conducted in Cappadocia cohort. The transabdominal ultrasonography, anthropometric mea-
surements, and disease questionnaires were applied to cohort persons.
Results: Transabdominal ultrasonography was performed in 2797 subjects (62.3% were female and the mean age was 51 ± 15 years). 
Among them, 36% were overweight, 42% were obese, and 14% had diabetes mellitus. The most common pathological finding in trans-
abdominal ultrasonography was hepatic steatosis (60.1%). The severity of hepatic steatosis was mild in 53.3%, moderate in 38.8%, and 
severe in 7.9%. Age, body mass index, liver size, portal vein, splenic vein diameter, hypertension, diabetes mellitus, and hyperlipidemia 
were significantly higher while physical activities were significantly lower in hepatic steatosis group. Ultrasonographic grade of hepatic 
steatosis was positively correlated with liver size, portal vein and splenic vein diameter, frequency of diabetes mellitus, hypertension, 
and coronary artery disease. Hepatic steatosis was observed in none of the underweight, 11.4% of the normal weights, 53.3% of the 
overweight, and 86.7% of the obese subjects. The percentage of hepatic steatosis cases with normal weight (lean nonalcoholic fatty 
liver disease) was 3.5%. The rate of lean nonalcoholic fatty liver disease in the entire cohort was 2.1%. Regression analysis revealed male 
gender (hazard ratio [HR]: 3.2), hypertension (HR: 1.5), and body mass index (body mass index: 25-30 HR: 9.3, body mass index >30 HR: 
75.2) as independent risk factors for hepatic steatosis. The second most common ultrasonographic finding was gallbladder stone (7.6%). 
In the regression analysis, female gender (HR: 1.4), body mass index (body mass index: 25-30 HR: 2.1, body mass index >30 HR: 2.9), 
aging (30-39 age range HR: 1.5, >70 years HR: 5.8), and hypertension (HR: 1.4) were the most important risk factors for gallbladder stone.
Conclusions: Cappadocia cohort study in Turkey revealed a high prevalence of hepatic steatosis (60.1%) while the prevalence of gall-
bladder stones was 7.6% among the participants. The results of the Cappadocia cohort located in central Anatolia, where overweight 
and lack of physical activity are characteristic, showed that Turkey is one of the leading countries in the world for nonalcoholic fatty 
liver disease.
Keywords: Cholelithiasis, community-based screening, fatty liver, gastroenterology, hepatic steatosis, mass screening, NAFLD, trans-
abdominal ultrasonography

INTRODUCTION
The Cappadocia cohort is a cohort of approximately 
10 000 people living in Gülşehir and Avanos districts of 
Nevşehir Province in the Central Anatolian region of 
Turkey. Gastrointestinal (GI) symptoms and burden of GI 
disease in the adults of this cohort were previously pub-
lished in a study conducted by us, and the frequencies 
of upper gastrointestinal system (GIS) disease and lower 

GIS disease were reported as 33% and 12%, respec-
tively.1 This study showed that Turkey is one of the lead-
ing countries in Europe in terms of obesity.2,3 Considering 
the high prevalence of obesity and diabetes mellitus (DM) 
in Turkey, it is important to evaluate and monitor the liver 
and pancreato-biliary system for possible disorders. It 
is very valuable to establish community-based screen-
ing programs in order to reach conclusions and develop 
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strategies for public health. Therefore, we evaluated the 
results of the volunteers who participated in the previous 
Cappadocia cohort study who underwent transabdominal 
ultrasonography (TAU). Transabdominal ultrasonography 
is a simple, economical, noninvasive, and reproducible 
examination method with proven efficacy and reliability, 
preferred as the first imaging method in the evaluation 
of all intra-abdominal solid-parenchymatous and cana-
licular organs. For this purpose, it is frequently used in 
community surveys.4,5 In this study, we aimed to evaluate 
the main disorders of the liver, biliary system, pancreas, 
spleen, and vascular structures in a large sample group 
representing Turkey.

MATERIALS AND METHODS
The study is a prospective cross-sectional cohort study 
and was conducted in the “Cappadocia Cohort” consist-
ing of Avanos and Gülşehir districts of Nevşehir, a geo-
graphical region that has been shown to represent Turkey 
exactly in terms of population distribution. These districts 
were previously selected by the Turkish Internal Medicine 
Specialization Association due to their low migration 
rates and geographical proximity to the capital Ankara, 
and some studies were carried out.6 Another factor in the 
selection of these 2 districts was that they did not have 
a major economic or social dependency. The economy of 
Gülşehir district is based on agriculture, and the economy 
of Avanos district is mostly dependent on tourism. Written 
permission for the study was obtained from Dokuz Eylül 
University Non-Interventional Research Ethics Committee 
(Number 363, Date: April 12, 2018) and Nevşehir Provincial 
Health Directorate.

Volunteer adults aged 18 and over living in Avanos and 
Gülşehir between October 2017 and July 2018 were 
included in the study. In both districts, the district health 
directorate, district governorships, municipalities, and 
family health centers were informed and the study was 
announced in the districts. In this context, information 
and invitation brochures and posters on the subject were 
prepared and their distribution and announcements were 
made at the central points of the districts. Those who 
accepted to participate in the study were invited to the 
study offices to perform TAU with their physical mea-
surements. Measurements were made at the Turkish 
Internal Medicine Specialization Association study office 
for Gülşehir district and Avanos District Integrated 
Hospital for Avanos district. After obtaining written con-
sent, physical measurements of the volunteers were done 
by the interviewers at the study office. Demographic data 
including age and gender, alcohol use and its amount (≥14 
units/week in women, ≥21 units/week in men), the pres-
ence of comorbid diseases, duration of physical activity at 
work and leisure time,7 and the number of births in women 
were questioned. Height (m), body weight (kg), body mass 
index (BMI), and waist circumference (cm) were measured 
for anthropometric assessment. Hypertension (HT) was 
defined as a systolic blood pressure above 130 mm Hg, 
and/or diastolic blood pressure above 85 mm Hg. Body 
mass index was evaluated in 4 groups as <18 kg/m2 (thin), 
18-24.9 kg/m2 (normal), 25-29.9 kg/m2 (overweight), and 
≥30 kg/m2 (obese). Transabdominal ultrasonography was 
performed by a single experienced radiologist.

Transabdominal Ultrasonographic Examination
The transabdominal ultrasonographic examinations 
were performed using a high-resolution ultrasonography 
equipment (Toshiba Aplio 80, Japan) with 1-6 MHz con-
vex transducer. To avoid the interobserver variability, the 
ultrasonography in this work was performed by a single 
radiologist. The radiologist meetings with the experienced 
members of the study group in ultrasonography (OS, BÖ) 
agreed on the definition and images. The radiologist was 
blind to the patients’ questionnaires or medical histories. 
Transabdominal ultrasonography was performed in the 
morning, following at least 8 hours of fasting, with the 
subject in supine position and with the abdomen fully 
open. All intra-abdominal vascular formations, parenchy-
matous organs (liver, pancreas, spleen, kidneys), hollow 
organs (gallbladder, bladder), and GI tract were evalu-
ated by scanning from transverse, sagittal, and oblique 
sections.8

Main Points
•	 We aimed to search gastrointestinal system health and the 

frequency of diseases by scanning the Cappadocia cohort 
that sampled Turkey with transabdominal ultrasonography.

•	 In this study, we determined that 60% of the population 
had liver steatosis.

•	 Regression analysis revealed male gender, hypertension 
(HT), and body mass index (BMI) as independent risk fac-
tors for hepatic steatosis (HS). Among the cases with HS, 
3.5% had normal weight (lean NAFLD). The rate of lean 
NAFLD in the entire cohort was 2.1%.

•	 The second most common ultrasonographic finding was 
gallbladder stone (GBS) which was observed in 7.6% of 
the participants. In the regression analysis, female gender, 
BMI, aging, and HT were the most important risk factors 
for GBS.
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With TAU, subcostal and intercostal sections, size of the 
liver (craniocaudal length of the liver by measuring the 
upper–lower border of the liver in the right midclavicu-
lar and even longitudinal section), marginal arrangement 
(regular or irregular), parenchyma structure (homoge-
neous or heterogeneous), and echogenicity (normal, 
increased, decreased), left corner angle (sharp or blunt), 
and the presence of a mass in the parenchyma were eval-
uated. The normal craniocaudal length of the liver was 
considered to be below 15 cm. If a mass was detected 
in the liver, its characteristics and size were determined. 
Portal vein (PV), splenic vein, hepatic veins, and inferior 
vena cava diameters, luminal openings, wall features, and 
the presence of any obstruction to flow were determined.

Liver parenchymal echogenicity was evaluated by com-
paring to the echogenicity of the kidney and spleen. Liver 
parenchymal echogenicity was considered normal when 
liver and kidney echogenicity were equal. If the kidney 
parenchyma was pathologic, liver echogenicity was com-
pared to the echogenicity of the spleen. If liver parenchy-
mal echogenicity was higher than the echogenicity of the 
kidney, hepatic steatosis (HS) was diagnosed.9-11 Hepatic 
steatosis was graded according to echo patterns as fol-
lows: grade 0, normal liver echotexture; grade 1, slight and 
diffuse increase in parenchymal echotexture with normal 
visualization of the diaphragm and intrahepatic vessel 
borders; grade 2, moderate and diffuse increase in paren-
chymal echotexture with slightly impaired visualization of 
the diaphragm and intrahepatic vessel borders; and grade 
3, significant increase in parenchyma echotexture with 
poor visualization of the diaphragm and intrahepatic ves-
sel borders.9-11

The structure of the gallbladder, thickness of its wall, and 
the presence of a formation in the lumen of the gallblad-
der were examined in longitudinal, oblique, and transverse 
sections.12,13 The thickness of the gallbladder wall was 
measured from the position where the ultrasound beams 
were perpendicular to the gallbladder wall. Gallbladder wall 
thickness greater than 3 mm was considered as increased 
gallbladder wall thickness. The formations in the gallblad-
der with hyperechoic and posterior acoustic shadow were 
considered as stones. Nonmoving iso- or hyperechoic for-
mations associated with the gallbladder wall and without 
acoustic shadow were considered as gallbladder polyps. 
The presence of homogeneous or irregular thickening in 
the gallbladder wall was also evaluated. Gallbladder size 
was evaluated by measuring the longitudinal and trans-
verse diameters. Hydropic gallbladder was considered in 
the presence of a longitudinal diameter exceeding 10 cm 

and/or transverse diameter exceeding 5 cm. The pres-
ence of dilation in the intrahepatic bile ducts was also 
recorded.

The pancreas was examined with transverse and sagit-
tal movements of the transducer placed in the epigastric 
region. The head, body, and tail of the pancreas were eval-
uated. The parenchymal structure, echogenicity, homo-
geneity, thickness, and presence of a mass and ductal 
structure of the pancreas were evaluated.8 The normal 
thickness of the pancreas is approximately 2-2.5 cm in 
the head and 2 cm in the body, and the normal diameter 
of the pancreatic duct is up to 3 mm in the head region.

In TAU, spleen size (craniocaudal length), parenchyma 
structure, and presence of any formation were evalu-
ated.8 A craniocaudal length of spleen up to 12 cm and 
the maximum thickness of 5 cm was considered to be 
normal. The parenchyma structure should be homoge-
neous and isoechoic with normal liver parenchyma.

The location and size of the kidneys, parenchyma and col-
lecting system structures,14 bladder and abdominal aorta 
diameter, wall structure and branches were evaluated.15

Those who were found to have pathological findings that 
required further investigation in TAU were recommended 
to apply to the hospital by giving a standard result and 
recommendation form.

Statistical Analysis
The program Predictive Analytics SoftWare (PASW) 
Statistics Version 18.0 for Windows (SPSS Inc., Chicago, 
IL, USA) was used for statistical analysis. Descriptive sta-
tistics were used as numbers and percentages for cate-
gorical variables, and mean ± standard deviation, median 
and percentile 25-75 (Q1–Q3) for numerical variables. 
The conformity of the variables to the normal distribu-
tion was examined using visual (histogram and prob-
ability graphs) and analytical methods (Kolmogoro​v–Smi​
rnov/​Shapi​ro–Wi​lt tests). Chi-square analysis was used in 
the analysis of categorical variables of TAU findings and 
in pairwise and multiple comparisons, and Fisher’s exact 
test was used when the chi-square condition was not 
met. Student’s t-test was used in paired group compari-
sons and ANOVA was used in multiple group comparisons 
when the normal distribution condition was met with 
numerical variables; If the normal distribution condition 
was not met, Mann–Whitney U test was used for paired 
group comparisons and Kruskal–Wallis test was used for 
multiple group comparisons. Logistic regression analysis 
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was performed by creating a model with gender, age, BMI, 
and comorbid disease parameters to determine the risk 
factors of TAU findings. Cases with a type 1 error level 
below 5% were considered statistically significant.

RESULTS
The total population of Avanos and Gülşehir districts 
was 25 502 in 2018. In the current study, out of 10 980 
people in the Cappadocia cohort, 5042 were contacted, 
and a GI Symptom Questionnaire was applied to 3369 
among the 4605 subjects who met the inclusion crite-
ria. The remaining 1236 people refused to participate in 
the study.1 And 2797 out of 3369 people who filled out 
the survey agreed to have anthropometric measurements 
(height and weight) and TAU (Figure 1).

The mean age of the 2797 volunteers who underwent 
TAU was 52 ± 14.5 years, 62.4% were female and 37.6% 
were male. Mean BMI was 29.1 ± 5.4 kg/m2, and 78.1% 
were overweight (36.4%) or obese (41.7%). The mean 
waist circumference was 96.8 ± 13.8 cm. Comorbid dis-
eases of the volunteers were HT (38.9%), DM (14.0%), 

hyperlipidemia (HL)/​hyper​chole​stero​lemia​ (8.3%), coro-
nary artery disease (CAD; 7.8%), chronic kidney disease 
(0.4%), and cancer (0.3%). Six percent of the volunteers 
had a history of alcohol use. The physical activity of the 
volunteers was mild to moderate in 95.8%. The mean 
number of deliveries in women was 2.8 ± 1.4.

Ultrasonographic Evaluation of the Liver
The mean size of the liver of the volunteers was 150 ± 
9.2 mm and it was normal in 64.5%, increased in 35.4%, 
and decreased in 0.1% of the cases. Liver echogenicity 
was increased in 60.1% of the cases which was compat-
ible with HS. Of those with HS, 53.3% had mild steato-
sis, 38.8% had moderate, and 7.9% had severe steatosis. 
Liver parenchyma structure was homogeneous in 99.2% 
of the volunteers.

A mass in the liver was detected in 2.5% (n = 69) of the 
volunteers. Eighty-four percent (n = 58) of these masses 
were compatible with typical hemangioma. In 5 cases 
(7.2% of masses, 0.1% in the whole cohort), there were 
masses which met the malignancy criteria. In 6 cases, the 
distinction could not be made. Liver cyst was detected 
in 3% and cirrhosis findings in 0.2%. The mean PV diam-
eter was 11 ± 1.1 mm, the splenic vein diameter was 7 ± 
0.8 mm. Hepatic veins and inferior vena cava were evalu-
ated as normal in all of the volunteers. The above-men-
tioned pathologies of the patients were not previously 
diagnosed.

Hepatic Steatosis
Hepatic steatosis was detected in 65.1% of the men and 
57% of the women in the Cappadocia cohort (P < .001). 
Volunteers with HS were significantly older than those 
without HS (mean age 55 ± 12 years vs. 45 ± 16 years, 
P  <  .001) and had a higher BMI (32.2 ± 4.9 vs. 25.8 ± 
4.0, P < .001) and liver size (159.7 ± 14.7 mm vs. 137.3 ± 
11.6  mm, P < .001). The frequency of HS according to 
age groups in this cohort was 19.1% in the volunteers 
<30 years, 35.5% in the volunteers between 30 and 39 
years, 58.3% in those between 40 and 49 years, 73.0% 
in volunteers between 50 and 59 years, 76.7% between 
60 and 69 years, 68.9% between 70 and 79 years, and 
53.4% in the volunteers >80 years (P < .001). On the 
other hand, 2.6% of those with HS were <30 years, 
9.4% were between 30 and 39 years, 18.3% between 
40 and 49 years, 34.1% between 50 and 59 years, 25.1% 
between 60 and 69 years, 9.1% were between 70 and 79 
years, and 1.4% were older than 80 years.

Figure 1.  Transabdominal ultrasonography was performed in the 
Cappadocia cohort.
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The frequency of DM (19.4% vs. 5.2%), HT (46.8% vs. 
26.0%), and HL (10.5% vs. 4.7%) was significantly higher 
in patients with HS compared to those without HS 
(P <  .001). There was no significant difference between 
the groups in terms of the presence of CAD (8.6% vs. 
6.4%, P = .109). The mean number of births in the women 
with HS was significantly higher than in the women 
without HS (3 vs. 2, P < .001). Physical activity at work 
(P: .247) and at leisure time (P = .117) was lower in those 
with and without HS.

According to BMI values, HS was observed in 0% of the 
thin (n = 0), 11.4% of the normal (n = 517), 53.3% of the 
overweight (n = 971), and 86.7% of the obese individu-
als (n = 1247; Figure 2). The frequency of HS increased 
significantly as BMI increased (P < .001). The mean BMI of 
the volunteers with HS was <25 in 3.6%, between 25 and 
30 in 31.2%, and >30 in 65.2% (P < .001).

The liver size was 150.8 ± 9.6 mm in subjects with grade 1 
HS, 166.7 ± 10.0 mm in grade 2 HS, and 185.2 ± 10.0 mm 

in grade 3 HS. As the HS grade increased, there was a sig-
nificant increase in liver size (P < .001; Figure 3). When PV 
diameter was evaluated, according to the grade of HS, it 
was 10.7 ± 1.1 mm in grade 1 HS, 11.0 ± 1.1 mm in grade 2, 
and 11.7 ± 1.1 mm in grade 3 (P < .001 for all). Splenic vein 
diameters were 6.4 ± 0.8 mm, 6.7 ± 0.8 mm, and 7.2 ± 0.8 
mm in grades 1, 2, and 3 HS, respectively (P < .001 for all; 
Figure 3). Portal vein and splenic vein diameters increased 
in correlation with HS grade.

When the volunteers with HS were compared with respect 
to gender, females had a significantly higher BMI (32.0 vs. 
28.7, P = .001) and a higher frequency of DM (21.8% vs. 
15.9%, P = .019), HT (50.4% vs. 41.1%, P = .004), and HL 
(13.3% vs. 6.3%, P = .001) compared to males (Figure 4). 
There was no significant difference between the waist 
circumference, frequency of CAD, and physical activity 
status of the female and male volunteers.

When the presence of comorbid diseases was evaluated 
according to the grade of HS, DM was seen in 15.4% 
of the volunteers with grade 1 HS, 23% in grade 2, and 
29.4% in grade 3 (P = .001). The frequency of HT was 
43.6%, 48.6%, and 59.5%, in the same group, respec-
tively (P = .016). Hyperlipidemia was seen in 9.3% of the 
volunteers with grade 1 HS, in 12.2% of the volunteers 
with grade 2 HS, and in 10.6% of the volunteers with 
grade 3 HS (P:  .351). Finally, the frequency of CAD was 
8.2%, 7.4%, and 16.5% in volunteers with grades 1, 2, and 
3, respectively (P = .023; Figure 5). The number of deliv-
eries in women increased parallel to the increase in the 
grade of HS (2.9 ± 1.5, 3.2 ± 1.4, 3.2 ± 1.3, respectively, 

Figure 2.  Frequency of hepatic steatosis according to BMI. BMI, 
body mass index.

Figure 3.  Measurements according to the hepatic steatosis stages. Figure 4.  Evaluation by gender in patients with hepatic steatosis.
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P = .007). No significant relationship was found between 
HS and physical activity. While 4.2% of the cohort was 
very active, 95.8% were mild-moderately active. Even 
physical activity at work was very little in 28.3% and mod-
erate in 61.8%.

Body mass index was <25 in 3.5% of those with HS. This 
group was named as lean HS. While the frequency of lean 
HS was 5.8% in male volunteers with HS, it was 1.9% in 
females (P < .001). The mean age of volunteers with lean 
HS (50.34 ± 13.91, range: 39-62) was significantly lower 
than the non-lean (BMI > 25) volunteers (54.77 ± 12.19, 
range: 47-63; P = .019). When the grades of HS were eval-
uated in lean and non-lean HS volunteers, steatosis was 
grade 1 in 74.6% of the lean and 52.8% of the non-lean 
volunteers, grade 2 in 20.3% of the lean and 39.3% of 
the non-lean volunteers, and grade 3 in 5.1% of the lean 
and 7.9% of the non-lean HS volunteers (P = .004). Liver 
size was 154.15 ± 11.35 mm versus 159.82 ± 14.75 mm 
(P  =  .003), PV diameter was 10.64 ± 1.32 mm versus 
10.91 ± 1.14 mm (P = .091), and splenic vein diameter was 
6.39 ± 1.26 mm versus 6.60 ± 0.79 mm (P = .012).

When the risk factors for HS were evaluated with regres-
sion analysis, male gender (HR: 3.2), presence of HT (HR: 

1.5), and high BMI (BMI: 25-30 HR: 9.3, BMI > 30 HR: 
75.2) were found to be independent risk factors for HS 
(Table 1).

Ultrasonographic Evaluation of the Gallbladder
Gallbladder was normal in 81.4% of the cohort. The 
median gallbladder wall thickness of the Cappadocia 
cohort was 3 mm, and no pathological wall structure was 
detected. Of the volunteers, 7.6% had gallbladder stones 
(GBSs), 2.1% had gallbladder polyps, 1 person had an 
image compatible with Caroli’s disease, and 1 had a stone 
in the intrahepatic bile duct.

Gallbladder Stone
Gallstones were detected in 7.6% of the volunteers. 
Gallstones were detected in 6.2% of the men and 8.5% 
of the women participated in the Cappadocia cohort 
(P = .033). The median size of the gallstone was 12 mm. 
Of those with gallstones, 32.5% were men and 67.5% 
were women (P = .033). Age (57 ± 14, median 58 vs. 49 
± 14, median 51) and BMI (31.60 ± 5.49, median 31.21 
vs. 29.25 ± 5.54, median 28.74) were significantly higher 
in those with gallstones than those without (P < .001). 
Of those with GBSs, 2.6% were <30 years, 8.2% were 
30-39 years, 14.4% were 40-49 years, 31.4% were 
50-59 years, 24.2% were 60-69 years, 13.9% were 
between 70 and 79 years, and 5.2% were older than 80 
years. The incidence of gallstones was 2.2% under the 
age of 30, 3.7% in the 30-39 age range, 5.6% in the 
40-49 age range, 8.4% in the 50-59 age range, 10% 
in the 60-69 age range, and it was 14.7% between 70 
and  79 years, and 28.5% in those older than 80 years 
(P < .001; Figure 6).

When the relationship between BMI and gallstone fre-
quency was evaluated, the BMI of those without stones 
was 29.2 ± 5.5 kg/m2, while it was 31.6 ± 5.4 kg/m2 in 
those with stones (P < .001). Of those with GBSs, 0.5% 

Figure 5.  Frequency of comorbidities according to hepatic 
steatosis stage.

Table 1.  Regression Analysis of Factors Affecting Hepatic 
Steatosis

P HR

95% CI for HR

Lower Upper

Gender (male) <.001 3.209 2.580 3.991

HT <.001 1.530 1.232 1.900

BMI (<25) <.001

BMI (25-29.9) <.001 9.382 6.874 12.803

BMI (>30) <.001 72.244 51.142 102.053
BMI, body mass index; HT, hypertension. Figure 6.  The relationship between age and gallstone.
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were underweight, 6.8% were normal, 32.1% were over-
weight, and 60.5% were obese (P < .001; Figure 7). As the 
BMI increased, the incidence of gallstones increased. The 
frequency of gallstones was 2.6% in those with a BMI 
< 25, 6.8% in those with a BMI of 25-30, and 10.6% in 
those with a BMI > 30 (P < .001).

Patients with GBSs had a higher frequency of DM 
(23.3%  vs. 13.2%, P = .001), HT (48.1% vs. 29.3%, 
P  <  .001), HL (13.8% vs. 7.0%, P = .007), and CAD 
(12.9% vs. 7.0%, P  = .02) compared to those with-
out gallstones.  There was no difference between the 
patients with and without GBSs in terms of physi-
cal activity at work and in the leisure time. When the 
194 volunteers with GBSs were evaluated according to 
their gender; mean BMI was higher in women (31.5%) 
than men (29.3%) (P  =  .030). Waist circumference 
was higher in men than in women (107 cm vs. 101 cm, 
P =  .041). Age was similar between the genders (male 
61 ± 11 years, female 56 ± 15 years, P = .383). The 
frequencies of other comorbid diseases, such as DM 
(18.6% vs. 24.7, P:  .450), HT (60.5% vs. 53.4, P:  .461), 
HL (11.6% vs. 15.1%, P  =  .604), and CAD (14% vs. 
12.3%, P = .801) were not significantly different in men 
and women, respectively. No significant difference was 
found between women with and without GBSs in terms 
of the number of births (P = .069).

Regression analysis revealed female gender (HR: 1.4), 
increased BMI (BMI: 25-30 HR: 2.1, BMI > 30 HR: 2.9), 
aging (30-39 age range HR: 1.5, >70 years HR: 5.8), and 
HT (HR: 1.4) as independent risk factors for the presence 
of gallstones (Table 2).

Gallbladder polyps
Gallbladder polyps were detected in 2.1% of the indi-
viduals in the cohort. In the Cappadocia cohort, 2.5% 

of men and 1.9% of women had gallbladder polyps 
(P  =  .313). Of those with polyps in the gallbladder, 
46.3% were men and 53.7% were women (P = .620). 
There was no significant difference between the sub-
jects with and without gallbladder polyps with respect 
to age (47 ± 14 vs. 50 ± 15, P = .139), BMI (29.5 ± 6.5 vs. 
29.4 ± 5.5 kg/m2, P = .362), waist circumference (88.9 ± 
11.1 vs. 92.2 ± 13.8, P = .149), presence of concomi-
tant comorbid diseases, such as DM (11.1% vs. 12.8, 
P = 1.000), HL (0.0% vs. 7.6, P = .258), CAD (3.7% vs. 
7.6, P = .716), physical activity status (P = .628), and the 
number of births in women (P  = .899). Hypertension 
was significantly more common in volunteers without 
gallbladder polyps (38.0%) compared to those with pol-
yps (14.8%; P = .014).

There was no difference in any parameter according to 
gender in those with polyps in the gallbladder. There was 
no relationship between BMI and polyp in the gallbladder. 
Gallbladder polyps were observed in none of those with 
a BMI < 18, in 1.8% of those with a BMI < 25%, in 3.0% 
of those with a BMI between 25 and 30, and in 1.7% of 
those with a BMI > 30 (P = .163). There was no relation-
ship between age and the presence of gallbladder polyps, 
which were observed in 3.2% of those <30 years, 2.1% of 
those between 30 and 39 years, 3.0% of those between 
40 and 49 years, 1.8% of those between 50 and 59 
years, 1.3% of those between 60 and 69, 1.6% of those 
between 70 and 79 years, and in 2.9% of those >80 years 
(P = .478).

Figure 7.  Distribution of gallstones by BMI. BMI, body mass index.

Table 2.  Regression Analysis of Factors Affecting the Presence of 
Gallstones

P HR

95% CI for HR

Lower Upper

Gender (female) .036 1.432 1.024 2.002

BMI (<25) .002

BMI (25-29.9) .014 2.192 1.172 4.097

BMI (>30) .001 2.946 1.592 5.451

HT .037 1.422 1.022 1.980

Age group (under 30)—
Reference

<.001

Age group (30-39) .416 1.592 0.519 4.878

Age group (40-49) .208 2.009 0.678 5.950

Age group (50-59) .065 2.706 0.939 7.799

Age group (60-69) .036 3.160 1.076 9.276

Age group (>70) .002 5.896 1.971 17.637
BMI, body mass index; HT, hypertension.
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Cholecystectomy
Two hundred fifty (8.9%) individuals in the Cappadocia 
cohort had undergone cholecystectomy. Women had a 
higher rate of cholecystectomy history (11.8%) than men 
(4.3%; P < .001). Since the information and indications 
of cholecystectomy at the time of those who had chole-
cystectomy could not be evaluated, we did not make any 
further evaluation on this subject.

Ultrasonographic Evaluation of the Pancreas
In the ultrasonographic evaluation, the pancreas was eval-
uated as normal in 99.9% of the volunteers (n = 2794). It 
was atrophic in only 2 subjects (0.1%). Sonographic eval-
uation revealed no mass and cyst was detected in 1 case. 
Parenchymal echogenicity was increased in 1 case and 
the others were evaluated as normal and homogeneous. 
The mean body thickness was 16 ± 5.1 mm.

Ultrasonographic Evaluation of the Spleen
The spleen was ultrasonographically normal in 99.7% (n = 
2788) of the volunteers. The mean craniocaudal length of 
the spleen was 100 ± 7.3 mm. Splenomegaly was found in 
18 volunteers, cysts in 5, and masses in 2 volunteers. One 
person had a history of splenectomy. However, the pos-
sible etiology could not be determined.

Ultrasonographic Evaluation of the Vascular Structures
The abdominal aorta was ultrasonographically normal in 
99.5% of the volunteers (n = 2783). Aneurysm was found 
in 11 (0.4%) patients. Aortic thrombus was detected in 1 
case. The median aorta diameter was 16 ± 9.3 mm.

DISCUSSION
The Cappadocia cohort is a cohort located in the center 
of Turkey and exemplifies Turkey in terms of population 
ratio. But this study exemplifies adult subjects over 18 
years old. In the first study we conducted with a cohort, 
we found that 70% of the population had GIS complaints, 
33% had upper GIS disease, 12% had lower GIS disease, 
and 10% had a combination of both.1 In addition, the mean 
BMI of the cohort was 29.7 ± 5.6 kg/m2. Approximately 
35.2% were overweight and 45.2% were obese. This 
study has definitely shown that GIS diseases, overweight, 
and obesity have an important place among the health 
problems of our country. Especially in such a population, it 
is important to evaluate the hepat​o-bil​io-pa​ncrea​tic sys-
tem and the entire abdomen with abdominal imaging. On 
the other hand, there are no comprehensive, population-
based studies on ultrasonographic results of the digestive 
system in our country. In addition, it is extremely difficult 

to conduct studies that sample the whole country. For 
this reason, choosing a region that is cross-sectionally 
representative of the country is a method that enables 
the findings to be generalized.

In the evaluation with TAU in the Cappadocia cohort, the 
most common finding was HS (60.1%). Hepatic steato-
sis can be due to many reasons; some of these are alco-
hol intake, DM, obesity, drug use, metabolic syndrome, 
and aging. Since alcohol consumption was 6% in the 
Cappadocia cohort, we can say that the HS we detected 
is due to nonalcoholic fatty liver disease (NAFLD). As a 
general definition, in nonalcoholic fatty liver, in the pres-
ence of liver steatosis on ultrasonography, daily intake 
of alcohol should be less than 30 g/day for men and less 
than 20 g/day for women and the absence of any other 
liver disease. Transabdominal ultrasonography is a widely 
accepted basic diagnostic method for determining HS 
and grading the amount of fatty infiltration. It has been 
proven in many studies that HS and its degree detected 
by ultrasonography are associated with metabolic 
syndrome.16-18

The estimated worldwide prevalence of NAFLD ranges 
from 20% to 46%.19 The rate of NAFLD detected in 
the Cappadocia cohort was extremely high at 60%. In 
the United States, NAFLD has been estimated to affect 
approximately 30% of the population. However, the 
prevalence is especially higher among obese (70%) and 
diabetic (90%) individuals.20 The worldwide spread of 
sedentary lifestyle and Western-type diet plays a role in 
the increase of NAFLD in both children and adults in many 
countries.21-23 In a meta-analysis involving 8.5 million peo-
ple from 22 countries, it was shown that more than 80% 
of nonalcoholic steatohepatitis (NASH) patients were 
overweight or obese, 72% had dyslipidemia, and 44% had 
type 2 DM.24 Nonalcoholic fatty liver disease/NASH is a 
disease at the crossroads of gastroenterology, cardiovas-
cular diseases, endoc​rinol​ogy/m​etabo​lism diseases, and 
oncology.

In studies conducted in Turkey about this topic, in 2006, 
the prevalence of NAFLD by abdominal USG was found 
to be 19.8% in overall, 36.4% for people >50 years of 
age, and 7.9% for people between 18 and 29 years of 
age with 404 healthy adults in Elazığ, which is a rural area 
in Turkey.25 More recently, in 2016, Okur and Karacaer26 
conducted a study in a military hospital with 254 appar-
ently healthy young individuals (median age: 27 years) and 
found a prevalence of 10.6%. The study population con-
sisted of male and young individuals, with normal weight, 
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which is likely responsible for the low-NAFLD prevalence. 
A new retrospective study was conducted by Değertekin 
et al.27 The 10-year data (2007-2016) of 113 239 appar-
ently healthy subjects visiting the checkup clinics were 
retrospectively analyzed. The result showed a preva-
lence of 48.3% in Turkey and the NAFLD prevalence was 
detected as 63.5% in overweight individuals. The highest 
prevalence in Turkey was in Central Anatolia (57.1%) and 
in East Anatolia (55.7%). Cappadocia, located in Central 
Anatolia, has an interesting similarity with our results. 
Additionally, the study showed a significant increase 
from 43.5% to 53.1% in NAFLD prevalence in the period 
between 2007 and 2016.

Our study is the most recent, prospective, population-
based study with the largest participation, which pro-
vides information on the prevalence of NAFLD in Turkey. 
Reasons for the high rate (60.1%) of NAFLD in the 
Cappadocia cohort were that 36.4% of the individuals 
are overweight, 41.7% are obese, the frequency of con-
comitant DM, HT, CAD, and HL is high, physical activity 
is very low both in daily and work life and is related to a 
sedentary life.

Various studies have revealed a close association between 
sedentary behavior and metabolic diseases. Prolonged sit-
ting time and decreased physical activity level were posi-
tively associated with the prevalence of NAFLD in a large 
sample of middle-aged Koreans, supporting the impor-
tance of reducing time spent sitting in addition to pro-
moting physical activity.28 In a Chinese study, they found 
a higher proportion of NAFLD across the tertiles of sit-
ting time. Multivariate linear regression analyses showed 
sitting time independently correlated with homeosta-
sis model assessment for insulin resistance (HOMA-IR), 
alanine aminotransferase, γ-glutamyl transpeptidase, 
BMI, triglyceride, and the high-sensitive C reactive pro-
tein was associated with a higher prevalence of NAFLD 
(odd ratio [OR] 1.09; 95% CI: 1.04-1.67) after adjusting for 
confounders.29

In our study, NAFLD was also found in 11.4% of individu-
als with normal weight. In addition, 3.5% of those with HS 
had a BMI <25. The normal weight HS rate in the entire 
cohort was 2.1%. In this group, which was named as lean 
NAFLD, male predominance was present, and the mean 
age was lower. In the lean NAFLD group, the ultrasono-
graphic HS stage tended to be milder and had less liver 
size and splenic vein diameter. Lean NAFLD is detected in 
10%-20% of Americans and Caucasians.30 Akyuz et al31 
reported this rate as 7.6% in Turkey. In normal weight 

(lean) NAFL cases, the prevalence of NASH was similar to 
overweight NAFLD, histological activity score was lower, 
steatosis and ballooning of hepatocytes were detected 
less, but the risk of advanced fibrosis was not different. 
Metabolic syndrome may be an indicator of advanced dis-
ease.32 In these, 17% advanced liver damage (NASH and 
>F2 fibrosis) can be observed.33 At this point, the clinical 
importance of screening with TAU and detection of HS 
again emerges.

Hepatic steatosis was more common in men than 
women and increased in relation to aging and BMI 
increase (Figure 2). Liver size, PV and splenic vein diam-
eter increased in direct proportion to HS (Figure 3). A 
recent study from Turkey by Özmen et al34 reported the 
mean liver length as 149 ± 1.6 mm in normal population. 
In our study, liver size was found to be 150 ± 9.2 mm. 
Ultrasonography plays an important role in the evaluation 
of the PV diameter and flow characteristics in the vessel. 
Previous studies from different countries reported the 
mean PV diameter among healthy controls documented 
as 0.96 ± 0.14 cm and 0.115 ± 0.15 cm also found no sig-
nificant differences of the mean PV diameter between 
the males and the females, and age.35,36 In our study, the 
PV diameter was found to be 11 ± 1.1 mm. Although it 
is difficult to comment on the clinical significance of the 
increased diameter of the PV and splenic vein, it may be 
associated with increased intrahepatic resistance caused 
by adiposity and fibrosis and may be a valuable finding for 
portal hypertension.

The frequency of DM, HT, HL and the number of births 
in women were significantly higher in those with HS, 
and the frequency of diseases other than HL and CAD 
increased significantly with the stage of HS (Figures 4 
and 5). In the regression analysis, it was shown that male 
gender (HR: 3.2), the presence of HT (HR: 1.5), and high 
BMI (BMI: 25-30 HR: 9.3, BMI > 30 HR: 75.2) were effec-
tive (Table 1).

Studies on obesity in Turkey show that overweight and 
obesity are common and their frequency increases over 
time. The largest population-based studies on this sub-
ject in Turkey are the Turkish Diabetes Epidemiology 
Study (TURDEP)-I and the TURDEP-II studies, which were 
conducted in 2001 and 2012.37,38 The latest TURDEP-II 
study showed that 32% of the general population in 
Turkey were obese. TURDEP studies have shown that the 
prevalence of obesity has increased by 44% in 12 years. In 
the European Cardiovascular Disease Statistics (ATLAS) 
study announced in 2017, the rates reported for obesity 
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in Turkish women and men were found to be 35.8% and 
22.9%, respectively.39 In Western Europe, it is approxi-
mately 20%.3 As these results show, Turkey is one of the 
leading countries in Europe in terms of obesity. Similarly, 
nearly 70% of the US adult population is either obese or 
overweight.40

The prevalence of DM in the Cappadocia cohort was 
14%. In a meta-analysis evaluating the prevalence of DM 
in our country, the prevalence of DM was 13.5% (95% CI: 
11.6-15.5%) in the whole group, 14.2% (95% CI: 12.3-
16.2%) in the women, and 12.6% (95% CI: 10.5-14.9%) 
in the men has been reported.41 The results of this meta-
analysis were similar to ours. Unfortunately, the preva-
lence of DM is increasing rapidly all over the world and 
in our country.37,38 The most important reasons for the 
increasing incidence of DM are the increase in over-
weight and obesity, sedentary lifestyle, and aging of the 
society.

In a systematic review and meta-analysis evaluating the 
epidemiological studies on the frequency of HL in the 
last 15 years in Turkey, the prevalence of hypercholester-
olemia was found to be 29.1% (95% CI: 23.6-35.0%) in 
the general population, 30.2% in women (95% CI: 24.7-
36.1%), and 27.8% (95% CI: 22.3-33.6%) in the men.42 
Since the presence of hypercholesterolemia (8.3%) in the 
Cappadocia cohort was evaluated based on the reports 
of the participants, this result may not reflect the reality 
correctly.

The prevalence of HT in our country was found to be 
33.7% in the Türk Erişkinlerindeki Kalp Hastalığı ve Risk 
Faktörleri (TEKHARF) study and 31.8% in the Turkish 
Hypertension Prevalence Study.43,44 Most recently, the 
prevalence of HT was found to be 24% in individuals over 
the age of 15.45 The frequency of HT in the Cappadocia 
cohort was 38.9%. These 3 diseases are the most impor-
tant metabolic risk factors and are associated with 
NAFLD.

Our ultrasonography study detected the rate of mass in 
the liver as 2.5% and showed that 85% of it was heman-
gioma. The rate of liver cirrhosis was 0.2%. Although HS 
and MS were so high, the rate of cirrhosis was very low 
and no associated liver cancer was detected. We think 
that further studies are needed on this subject.

Gallbladder wall thickness is a parameter that can be 
accurately determined by TAU, and no pathological thick-
ening of the gallbladder wall was detected in our study.

The incidence of gallstones in the Cappadocia cohort was 
7.6%, and it was twice as high in the women as in the 
men. The incidence of gallstones increased linearly with 
age and BMI (Figures 6 and 7). After the fifth decade and 
with excess weight, it increased very clearly. Gallstones 
were present in approximately one-third of the popula-
tion over the age of 80 and two-thirds of the obese. The 
rates of DM, HT, HL, and CAD were significantly higher in 
those with gallstones. In the regression analysis, female 
gender (HR: 1.4), increased BMI (BMI: 25-30 HR: 2.1, BMI 
> 30 HR: 2.9), aging (30-39 age range HR: 1.5, >70 years 
old HR: 5.8), and HT (HR: 1.4) were found to be the most 
effective factors in gallstone formation (Table 2).

Among the risks involved in the formation of gallstones, 
the most well-known are obesity, hyperinsulinemia, and 
associated DM.46-48 Indeed, while 10%-12% of the adult 
population has gallstones on average, these rates can 
increase up to 20%-30% in diabetic individuals.49-52

Except for 2 studies conducted in 1992 and 1993 to 
determine the frequency of gallstones in our country, 
we could not find any comprehensive study. Özütemiz 
et  al53 found the prevalence of silent gallstones to be 
7.79% in the Aegean region. Beyler et  al54 in a screen-
ing study involving 2188 people from different parts of 
Turkey, they found an average of 5.25% in the popula-
tion, 7% in the women and 3.5% in the men. They found 
that the frequency of gallstones increased with age, and 
with the number of births and weight in women. A simi-
lar situation can be observed in the European continent, 
with different figures ranging from 5.9% to 21.9% for the 
frequency of gallstones in large population-based stud-
ies.55-57 An interesting thing is that although 30 years have 
passed, the frequency of gallstones in Turkey is the same. 
Despite the increase in obesity and DM, an increase in the 
frequency of gallstones was not observed. If we assume 
that 250 people with cholecystectomy were operated for 
gallstones, the rate of gallstones in the cohort would be 
15.8%. However, it is not possible to conduct a judgment 
about this topic as we have not investigated the cause for 
cholecystectomy.

This is because, it is possible that gallstone formation 
is multifactorial and while not all obese people develop 
gallstones, not everyone with gallstones is obese. The 
concentration of cholesterol in the bile, deterioration of 
gallbladder motility, and increase in bile mucin density are 
some of the factors in the formation of gallstones. It was 
determined that gallstones did not form in those who 
were obese and had normal bile cholesterol saturation. 
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Hepatic acyl-coenzyme A:cholesterol acyltransferase 
(ACAT) activity may be normal in obese individuals, and 
it can prevent excessive cholesterol secretion into the 
bile and thus prevent gallstone formation. In addition, 
some observational studies have shown that gallstones 
can occur independently of BMI and insulin resistance.58

Gallbladder polyps are mass lesions extending from the 
gallbladder mucosa to the lumen. Ultrasonography is the 
most commonly used imaging method in the detection 
of gallbladder polyps, as in other gallbladder pathologies, 
and its sensitivity is around 90%. In previous TAU stud-
ies, gallbladder polyps were found in 3%-7% of people 
and 2%-12% in cholecystectomy specimens.59-62 In the 
Cappadocia cohort, the frequency of gallbladder polyps 
was 2.1%. No difference was found between those with 
and without polyps in the gallbladder.

Only 1 patient had an image compatible with Caroli’s dis-
ease and 1 had a stone in the intrahepatic biliary tract.

Approximately 8.9% of the Cappadocia cohort had cho-
lecystectomy operation. In this study, it is not possible to 
comment on cholecystectomy, since we do not have an 
objective information on the indications for cholecystec-
tomy and the results of postsurgical specimen evaluation. 
The female predominance in those undergoing cholecys-
tectomy was clear.

In our study, no individual with significant pathology 
regarding pancreatic size and parenchyma structure was 
found.63 Likewise, the spleen and vascular structures were 
often normal.

One of the strengths of our study is that TAU was applied 
prospectively in the general population instead of patients 
seeking health care, and the findings were evaluated. In 
Turkey, there is no previous study on TAU and GIS-related 
disease burden in a cohort that could represent the country 
at this size. The greatest shortcoming of our study mani-
fested itself in the assessment of pancreatic echogenicity. 
For years, it was thought that pancreatic echogenicity 
could be variable and that this was normal. We did not 
pay special attention to pancreatic echogenicity when we 
planned this study. However, this view has changed drasti-
cally recently, and the increase in pancreatic echogenicity 
has become very important today, as it is accepted as 
“pancreatic steatosis” and this is seriously associated with 
metabolic syndrome and cardiovascular risk factors.64 It is 
necessary to eliminate this deficiency in our future studies 
by evaluating the pancreatic echo in detail.

As a result, in the Cappadocia cohort representing 
Turkey, the frequency of HS was found to be quite high 
at a rate of 60.1% in the screening performed with TAU. 
The incidence of gallstones is 7.6%, and there has been 
no increase in its frequency within 30 years. It has been 
determined that both conditions are directly related to 
gender, HT, BMI increase, and obesity. The results of the 
Cappadocia cohort located in central Anatolia, where 
overweight and lack of physical activity are characteristic, 
and the frequency of concomitant DM, HT, CAD, and HL 
are high, showed that Turkey is one of the leading coun-
tries in the world for NAFLD.
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