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ABSTRACT
Background: To evaluate the associations between hepatic, pancreatic steatosis, and lumbar spinal bone marrow fat determined by 
magnetic resonance imaging-proton density fat fraction in patients with no known or suspected liver disease.
Methods: A total of 200 patients who were referred to our radiology department for upper abdominal magnetic resonance imaging 
between November 2015 and November 2017 were included in this study. All patients underwent a magnetic resonance imaging-proton 
density fat fraction on a 1.5-T magnetic resonance imaging system.
Results: The mean liver, pancreas, and lumbar magnetic resonance imaging-proton density fat fraction were 7.52 ± 4.82%, 5.25 ± 
5.44%, and 46.85 ± 10.38% in the study population. There were significant correlations between liver and pancreas (rs = 0.180, P = .036), 
liver and lumbar (rs = 0.317, P < .001), and pancreas and lumbar magnetic resonance imaging-proton density fat fraction (rs = 0.215, 
P = .012) in female patients. A weak correlation was observed between liver and lumbar magnetic resonance imaging-proton density fat 
fraction (rs = 0.174, P = .014) in the total population. The prevalence of hepatic and pancreatic steatosis was 42.5% and 29%, respec-
tively. The prevalence of pancreatic steatosis (42.9% vs. 22.8%, P = .004) was higher in male patients compared to female patients. In 
subgroup analysis, in patients with hepatic steatosis, there were higher pancreas magnetic resonance imaging-proton density fat frac-
tion (6.07 ± 6.42% vs. 4.66 ± 4.53%, P = .036) and lumbar magnetic resonance imaging-proton density fat fraction (48.81 ± 10.01% vs. 
45.40 ± 10.46%, P =.029) compared to patients without hepatic steatosis. In patients with pancreatic steatosis, there were higher liver 
(9.07 ± 6.08 vs. 6.87 ± 4.06, P = .009) and lumbar magnetic resonance imaging-proton density fat fraction (49.31 ± 9.13% vs.45.83 ± 
10.76%, P = .032) in comparison with patients without pancreatic steatosis.
Conclusion: Based on the results of the present study, fat accumulation in liver, pancreas, and lumbar vertebra have associations with 
more evident in females.
Keywords: Liver, pancreas, lumbar, steatosis, MRI-PDFF

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the excessive 
triglyceride accumulation in hepatocytes with an increas-
ing prevalence correlated with obesity.1,2 It is estimated 
that NAFLD would be the main indication for liver trans-
plantation in the future.3 The gold standard for the diag-
nosis of NAFLD is liver biopsy. However, it has potential 
complications such as bleeding and perforation and is 
prone to sampling errors as it represents approximately 
1/50 000th of the liver.4,5 Therefore, non-invasive diagnos-
tic tools such as imaging modalities are increasingly used 
for diagnosis and follow-up evaluation of NAFLD patients.

A recent imaging method, magnetic resonance imaging-
proton density fat fraction (MRI-PDFF), was shown to be 

an accurate tool for quantification of liver fat in NAFLD.6,7 
Beside evaluation of hepatic steatosis, MRI-PDFF can also 
be used for fat quantification of different organs such as 
pancreas and bone marrow.8 Some studies evaluated the 
relationship between hepatic, pancreatic, and lumbar 
bone marrow fat in patients with NAFLD with MRI-PDFF.8,9 
Idilman et al8 observed a good correlation between pan-
creas and vertebral body MRI-PDFF in NAFLD patients 
and also showed that both of them are higher in diabetic 
patients. Patel et al9 also showed an association between 
pancreatic fat and hepatic steatosis in NAFLD patients. 
Pancreatic fat content determined by MRI-PDFF was also 
studied in patients with NAFLD and healthy controls and 
it was observed that pancreatic fat was higher in patients 
with NAFLD.10
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In this study, we aimed to evaluate hepatic and pancreatic 
steatosis prevalence and associations between hepatic, 
pancreatic, and lumbar spinal bone marrow fat deter-
mined by MRI-PDFF in general population.

MATERIALS AND METHODS
We included a total of 200 patients which were referred to 
radiology department for upper abdominal MRI between 
November 2015 and November 2017. This retrospective 
study was approved by the institutional review board of 
Hacettepe University.

Patients
A total of 856 abdominal MR examinations were per-
formed between November 2015 and November 2017 
in our radiology department for several indications. 
Oncology patients (n = 422), patients with chronic liver 
disease and pediatric population (n = 38) were excluded. 
The patients who were referred to MRI with a clinical 
suspect of NAFLD or who has a previous NAFLD diagno-
sis were also excluded (n = 178). Additionally, 18 patients 
were excluded as ineligible MRI-PDFF images. A total 
of 200 patients were included in the study population. 
The main indications for imaging was liver lesions, such 
as hemangiomas, focal nodular hyperplasia, and cysts 
(n = 73) in the study population. The remaining patients 
were examined for pathologies concerning different 
organs such as gall bladder or biliary diseases (n = 34), 
pancreatic lesions (n = 21), renal lesions (n = 18), adrenal 
lesions (n = 18), and splenic lesions (n = 6). The remaining 
30 patients were examined for abdominal pain, gastro-
intestinal tract diseases, gynecologic diseases, and her-
nias. The institutional review board waived the informed 
consent as a result of retrospective nature of the study.

Magnetic Resonance Imaging
All patients underwent an MRI-PDFF on a 1.5-T MR imag-
ing system (Achieva, Philips Medical Systems). An 8-chan-
nel phased-array body coil was used for this acquisition 

and all patients were examined in the supine position. 
All patients underwent mDIXON Quant sequence with 
the following parameters: repetition time, 5.3 ms; field of 
view, 35-40 cm; matrix, 224 × 99; flip angle, 5°; section 
thickness, 5 mm; and a single 3-dimensional image with 
67 sections. The sequence was acquired in a breath-hold 
time (25 seconds) in all patients.

Image processing: By using a workstation (HP Z 440), a radi-
ologist (D.A.) placed a round of interest (ROI) of 1 cm2 at all 
8 liver segments, an ROI of 0.5-1 cm2 at pancreatic head, 
body, and tail and an ROI of 1.5 cm2 at first 3 lumbar spines 
on the fat fraction images calculated from the mDIXON 
Quant sequence. These ROI sizes were chosen according 
to interested organs’ area. All ROIs were placed within the 
interested tissue with avoiding focal lesions, major vessels, 
ducts, and collecting systems and by being sure that ROI is 
surrounded by the interested tissue. Mean liver MRI-PDFF, 
pancreas MRI-PDFF, and lumbar MRI-PDFF were calculated.

The following threshold values for liver MRI-PDFF were 
used: PDFF of 6.4% or less, grade 0 (no fat content); PDFF 
greater than 6.4%, grade 1 (mild fat content); PDFF greater 
than 17.5%, grade 2 (moderate fat content); and PDFF 
greater than 22.1%, grade 3 (high fat content).6 According 
to the Singh et al11 we grouped the patients as presence 
of pancreatic steatosis or not with a cut-off value of 6.2%.

Statistical Analyses
Data were summarized as mean ± SD or median (range) 
for continuous variables depending on the distributional 
properties of the data. Normality of the variables was 
tested by Kolmogorov–Smirnov test. Student’s t-test or 
Mann–Whitney U-test was used to assess differences in 
continuous variables between groups. One-way ANOVA or 
Kruskal–Wallis test was used to assess differences in con-
tinuous variables between more than 2 groups. Categorical 
variables were evaluated by Pearson’s Chi-square test. The 
degree of association between continuous and/or ordinal 
variables was calculated by using the Pearson correlation 
coefficient or Spearman’s rho. Correlation coefficient (ρ) 
> 0.7 was considered strong, 0.4-0.7 was considered as 
moderate and lower than 0.4 was considered weak.12 For 
all the tests, a 2-tailed P-value of less than .05 was consid-
ered as statistically significant. All statistical analysis was 
performed on the Statistical Package for Social Sciences 
(SPSS) version 22.0 (IBM Corp.; Armonk, NY, USA).

RESULTS
A total of 200 individuals (M/F = 64/136) were included 
in the study. Mean age of the study population was 

Main Points
•	 There is a correlation between fat accumulation in liver, 

pancreas, and lumbar vertebra which is more evident in 
female patients.

•	 The hepatic and pancreatic steatosis prevalence is 
observed as 42.5% and 29% in Turkish population which 
were evaluated for different abdominal pathologies.

•	 The associations between fat accumulation in liver, pan-
creas, and lumbar vertebra can be evaluated with mag-
netic resonance imaging-proton density fat fraction as 
well as hepatic and pancreatic steatosis prevalence.
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48.6 ± 12.3 years (median 49 years; range, 21-76 years). 
The mean ± SD of serum AST, ALT, GGT, and total bili-
rubin levels were 26.4 ± 26.6 U/L, 27.4 ± 31.8 U/L, 47 ± 
73.6 U/L, and 0.7 ± 0.4 mg/dL, respectively. The charac-
teristics of all patients are shown in Table 1.

Mean liver MRI-PDFF of segment 1, 2, 3, 4, 5, 6, 7, and 8 
was 7.40 ± 4.82%, 7.17 ± 4.64%, 7.16 ± 4.71%, 7.50 ± 
4.90%, 7.64 ± 4.93%, 7.84 ± 5.57%, 7.70 ± 4.98%, and 
7.76 ± 5.03%, respectively. There was no significant 

Table 1.  Characteristics of the Study Population

Male  
(n = 64), 

mean ± SD

Female  
(n = 136),  

mean ± SD P

Age

48.56 ± 12.28 47.84 ± 12.51 48.92 ± 12.21 .565*

49 (21-76) 49 (24-74) 50 (21-76)

Serum AST level 
(n: 10-37 U/L)

26.40 ± 26.55 26.44 ± 15.15 26.37 ± 30.92 .122**

21 (13-267) 22 (14-94) 20 (13-267)

Serum ALT level 
(n: 10-37 U/L)

27.42 ± 31.81 28.47 ± 23.38 26.89 ± 35.41 .028**

19.5 (4-292) 24 (9-169) 17 (4-292)

Serum GGT level 
(n: 0-55 U/L)

47.00 ± 73.57 49.06 ± 61.80 45.95 ± 79.14 .020**

26 (9-613) 31 (12-360) 22 (9-613)

Serum total bilirubin 
level (n: 0.2-1.3 mg/dL)

0.70 ± 0.39 0.80 ± 0.38 0.65 ± 0.38 .005**

0.59 (0.21-2.94) 0.68 (0.31-1.68) 0.56 (0.21-2.94)

Platelet

237.73 ± 66.79 219.60 ± 74.21 246.96 ± 60.98 .001**

234.5 (98-526) 205.5 (98-526) 247 (134-478)

Fasting glucose 
(n: 75-115 mg/dL)

98.11 ± 24.79 97.63 ± 22.30 98.33 ± 26.02 .838**

91 (58-229) 91.5 (79-199) 91 (58-229)

Cholesterol  
(n: 120-200 mg/dL)

220.09 ± 46.91 219.68 ± 45.15 220.30 ± 48.40 .986**

212 (131-366) 217 (135-322) 212 (131-366)

Triglyceride 
(n: 40-165 mg/dL)

173.76 ± 118.63 168.77 ± 75.02 177.36 ± 143.10 .454**

142 (44-753) 146 (60-337) 139.5 (44-753)

HDL (n: 40-60 mg/dL)

49.81 ± 11.79 45.05 ± 9.46 52.38 ± 12.23 .027**

50 (32-82) 44.5 (32-66) 53 (33-82)
Data are mean ± SD with median (range).* Mann-Whitney U-test,** 
Student’s t-test.
ALT, alanine aminotrasnferase; AST, aspartate aminotrasnferase; GGT, 
gamma glutamyl transpeptidase; HDL, high-density lipoprotein.

Table 2.  MRI-PDFF Measurements of the Study Population

Male (n = 64),  
mean ± SD

Female (n = 136), 
mean ± SD P

Liver MRI-PDFF (%)

7.52 ± 4.82 6.98 ± 5.18 7.78 ± 4.63 .073**

5.65 (0.62-30.94) 5.34 (0.62-30.94) 6.05 (1.57-23.73)

Pancreas head 
MRI-PDFF (%)

5.22 ± 5.67 6.24 ± 6.48 4.75 ± 5.21 .086**

4.28 (0-53.76) 5.2 (0-37.21) 4.00 (0.08-53.76)

Pancreas body 
MRI-PDFF (%)

5.33 ± 5.33 6.46 ± 6.20 4.81 ± 4.81 .027**

4.14 (0-43.24) 5.95 (0-32.88) 3.76 (0-43.24)

Pancreas tail MRI-PDFF 
(%)

5.20 ± 5.46 6.35 ± 6.22 4.66 ± 5.00 .032**

4.10 (0-48.35) 5.9 (0-35.41) 3.43 (0-48.35)

Pancreas MRI-PDFF (%)

5.25 ± 5.44 6.35 ± 6.26 4.74 ± 4.95 .041**

4.33 (0-48.45) 5.69 (0-35.17) 3.59 (0.02-48.45)

L1 MRI-PDFF (%)

46.53 ± 10.56 47.03 ± 10.29 46.29 ± 10.71 .648*

47.34 (12.2-69.08) 47.71 (12.20-65.07) 47.21 (17.71-69.08)

L2 MRI-PDFF (%)

47.10 ± 10.59 47.44 ± 10.35 46.94 ± 10.73 .758*

48.26 (11.51-71.40) 47.78 (11.51-64.79) 48.44 (16.62-71.40)

L3 MRI-PDFF (%)

46.92 ± 10.40 47.09 ± 9.88 46.84 ± 10.67 .877*

47.43 (11.39-70.21) 47.28 (11.39-65.38) 48.03 (16.10-70.21)

Lumbar MRI-PDFF (%)

46.85 ± 10.38 47.18 ± 10.00 46.69 ± 10.59 .756*

47.59 (11.70-69.98) 47.69 (11.70-64.15) 47.43 (16.81-69.98)

Data are mean ± SD with median (range). *Mann-Whitney U-test, 
**Student’s t-test.MRI-PDFF, magnetic resonance imaging-proton density 
fat fraction. 
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difference among calculated PDFFs with respect to dif-
ferent liver segments (P = .524). Mean liver MRI-PDFF of 
right and left lobe was 7.73 ± 4.98% and 7.28 ± 4.71%, 
respectively, with no statistically significant difference 
(P = .218). Mean liver MRI-PDFF was 7.52 ± 4.82%.

Mean pancreas MRI-PDFF of the head, body, and the 
tail was 5.22 ± 5.67%, 5.33 ± 5.33% and 5.20 ± 5.46%, 
respectively, with no statistically significant difference 
(P  = .965). Mean pancreas MRI-PDFF was observed as 
5.25 ± 5.44%. Mean lumbar MRI-PDFF of L1, L2, and 
L3 was 46.53 ± 10.56%, 47.10 ± 10.59%, and 46.92 ± 
10.40% with no statistically significant difference 
(P  =  .936). Mean lumbar MRI-PDFF was observed as 
46.85 ± 10.38% (Table 2). There was a weak but statis-
tically significant correlation between liver and lumbar 
MRI-PDFF (rs = 0.174, P = .014). However, no correla-
tion was observed between liver and pancreas MRI-PDFF 
(rs = 0.125, P = .078) and pancreas and lumbar MRI-PDFF 
(rs = 0.131, P = .066) in the general population (Figure 1). 

There was a moderate correlation between age and lum-
bar MRI-PDFF (r = 0.559, P < .001), weak but statistically 
significant correlation between age and liver MRI-PDFF 
(rs  = 0.215, P = .002) and age and pancreas MRI-PDFF 
(rs = 0.191, P = .007).

When we grouped the patients according to gender, we 
observed higher liver MRI-PDFF in female patients in 
comparison with male patients with no statistical signifi-
cance (7.78 ± 4.63 vs. 6.98 ± 5.18, P = .072). However, 
mean pancreas MRI-PDFF was higher in male patients 
with statistical significance (6.35 ± 6.26 vs. 4.74 ± 
4.95, P = .041). In subgroup analyses, there was a weak 
but statistically significant correlation between liver and 
pancreas MRI-PDFF (rs = 0.180, P = .036), and liver and 
lumbar MRI-PDFF (rs = 0.317, P < .001) and pancreas 
and lumbar MRI-PDFF (rs = 0.215, P = .012) in female 
patients (Figure 2). However, there were no statistically 
significant correlation between liver and pancreas MRI-
PDFF (rs  =  0.078, P  =  .543), liver and lumbar MRI-PDFF 

Figure 1.  The correlations between liver and pancreas (A), liver and lumbar spinal bone marrow (B), and pancreas and lumbar spinal bone 
marrow MRI-PDFF (C) in general population.
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(rs = –0.138, P = .278), and pancreas and lumbar MRI-PDFF 
(rs = -0.045, P = .724) in male patients (Figure 3).

A total of 85 patients (42.5%) had hepatic steatosis. A 
total of 75 patients (37.5%) had grade 1 hepatic steatosis, 
7 (3.5%) had grade 2 hepatic steatosis, and 3 (1.5%) had 
grade 3 hepatic steatosis according to the MRI-PDFF mea-
surement. The prevalence of hepatic steatosis in female 
patients was slightly higher with no statistical significance 
(45.6% vs. 35.9%, P = .198). A total of 58 patients (29%) 
had pancreatic steatosis. The prevalence of pancreatic 
steatosis in male patients was significantly higher (42.9% 
vs. 22.8%, P = .004). The mean pancreas MRI-PDFF was 
6.07 ± 6.42% in patients with hepatic steatosis and 4.66 
± 4.53% in patients with no steatosis and significantly 
higher in the hepatic steatosis group (P  =  .036). The 
mean lumbar vertebral MRI-PDFF was 48.81 ± 10.01% in 
patients with hepatic steatosis and 45.40 ± 10.46% in 
patients with no steatosis and significantly higher in the 
steatosis group (P = .029). Lumbar PDFF was statistically 

significantly higher in patients with pancreatic steato-
sis in comparison with no pancreatic steatosis (49.31 ± 
9.13%, vs. 45.83 ± 10.76%, P = .032). Similarly, liver MRI-
PDFF was significantly higher in patients with pancreatic 
steatosis (9.07 ± 6.08 vs. 6.87 ± 4.06 P = .009).

DISCUSSION
In this study, there was no significant difference among 
liver segments and pancreatic regions in terms of MRI-
PDFF. There was a weak correlation between liver and 
lumbar MRI-PDFF, whereas no correlation was observed 
between liver and pancreas MRI-PDFF and pancreas 
and lumbar MRI-PDFF in the general population. In the 
subgroup analyses, we observed significant correlations 
among liver, pancreas, and lumbar MRI-PDFFs in female 
patients. However, we did not observe significant cor-
relations among the same parameters in male patients. 
In patients with hepatic steatosis, we observed higher 
MRI-PDFF values in pancreas and lumbar vertebrae. We 
also demonstrated a hepatic steatosis and pancreatic 

Figure 2.  The correlations between liver and pancreas (A), liver and lumbar spinal bone marrow (B), and pancreas and lumbar spinal bone 
marrow MRI-PDFF (C) in female patients.
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steatosis prevalence of 42.5% and 29%, respectively, in 
the Turkish population which were evaluated for differ-
ent abdominal pathologies with MRI-PDFF. The hepatic 
steatosis prevalence was slightly higher in the female 
patients and pancreatic steatosis was significantly higher 
in male patients.

The NAFLD prevalence may differ according to differ-
ent regions and countries of the world with a recently 
reported prevalence of 48.3% in Turkey.13 The difference 
in our prevalence may be related to inclusion criteria as 
we just included patients with no suspected liver disease 
including NAFLD. However, Değertekin et  al13 included 
all patients applied to the check-up clinics after exclu-
sion for liver diseases except NAFLD. Değertekin et  al13 
observed a higher prevalence in male patients (72.1% vs. 
37.9%, P  < .001) in contrast with our study which can 
be explained by higher mean age of our patient popula-
tion. Kühn et  al14 observed a very similar prevalence of 
fatty liver disease (42.2%) in a German population with 

a similar MRI technique. In accordance with Değertekin 
et  al13, Kühn et  al14 observed higher prevalence of fatty 
liver disease in male patients (50.9% vs. 34.7%).

The most common hepatic steatosis pattern is diffuse 
form followed by different heterogeneous hepatic ste-
atosis patterns.15 The studies evaluating liver steatosis 
with MRI demonstrated conflicting results in terms of 
hepatic steatosis heterogeneity according to different 
liver segments and lobes.7,16,17 Bonekamp et al16 observed 
higher MRI-PDFF values in the right lobe in comparison 
with left lobe. In accordance with this study, Capitan 
et al17 observed higher liver fat content in the right lobe. 
In this study, the authors also observed heterogeneous 
hepatic steatosis in both lobes and in patients with and 
without hepatic steatosis. In our study, we did not observe 
a significant difference at both segmental and lobar lev-
els. In accordance with the present study, Idilman et al7 
also did not observe such a difference in a NAFLD patient 
population.

Figure 3.  The correlations between liver and pancreas (A), liver and lumbar spinal bone marrow (B), and pancreas and lumbar spinal bone 
marrow MRI-PDFF (C) in male patients.
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A recent study observed that measuring different regions 
of pancreatic MRI-PDFF has great variability in a popu-
lation of NAFLD.18 It is also confirmed by the popula-
tion-based study which included 1367 individuals and 
observed 4.6% pancreatic PDFF in the head, 4.9% in the 
body, and 3.9% in the tail.19 However, we did not observe 
such a difference in a population-based study which also 
includes patients without NAFLD in accordance with 
Patel et al’s9 and Idilman et al’s8 studies which included 
just NAFLD patients. In contrast with Kühn et al’s14 study, 
our population had higher pancreatic fat contents. In our 
study population, male patients had higher pancreas fat 
with statistically significant difference. We also observed 
higher pancreatic steatosis rate in male patients with sta-
tistical significance. In accordance with the present study, 
Kato et al18 observed that male gender is a risk factor for 
pancreatic steatosis.

There are studies evaluating relationship between liver 
and pancreatic fat with MRI-PDFF with conflicting 
results.8-10,20-22 Most of them demonstrated a significant 
correlation among them, whereas Idilman et  al8 did not 
observe such a correlation. In accordance with Idilman 
et  al’s8 study, we also did not demonstrate a correlation 
between liver and pancreas MRI-PDFF in the general popu-
lation. However, in the subgroup analyses, we observed sig-
nificant correlations among them in female patients. There 
was also a significant correlation between liver and lumbar 
MRI-PDFF in our general population in accordance with 
Idilman et al’s8 study. This correlation remained significant 
in the subgroup analyses of female patient population. 
The knowledge of this association is important as increase 
in liver fat may be related with osteoporotic bone frac-
tures which was also shown in a recent meta-analyses.23 
Interestingly, there is no correlation among liver, pancreas, 
and lumbar vertebra MRI-PDFFs in male patients which is 
not evaluated already in the literature. This difference can 
be a result of different fat metabolisms in male and female 
patients which should be evaluated with further studies.

There are some strengths and limitations in the current 
study. This is the first MRI-based study which evaluates 
the prevalence of hepatic steatosis and associations 
between hepatic, pancreatic steatosis, and lumbar spinal 
bone marrow fat determined by MRI-PDFF in patients 
referred to abdominal MRI with different indications. The 
main limitation is the relatively small sample size which is 
a result of our expanded exclusion criteria. Another limi-
tation is the lack of clinical data of the patients such as 
diabetes status and metabolic syndrome which may also 
affect fat deposition in different organs. Extensive studies 

with larger sample size and clinical data will help under-
standing the fat metabolism and relationships between 
fat deposition in different organs.

In conclusion, fat accumulation in liver, pancreas, and 
lumbar vertebra have associations with more evident in 
female patients. We observed a hepatic and pancreatic 
steatosis prevalence of 42.5% and 29%, respectively, in 
the Turkish population which was evaluated for different 
abdominal pathologies with MRI-PDFF.
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