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Chronic mild elevations of liver function tests especially alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) are seen in type 2 diabetes patients. The study aims to find an association 
between the Liver Function test and Liver/spleen Hounsfield Units on CT scan Among Patients with 
Diabetes Mellitus (DM) Type 2. The study was conducted in the Medical Imaging Department – CT scan 
department in Jeddah Hospitals. The cases were retrospectively studied from the reviewed database of 
all patients who had undergone abdominal CT examinations from March 2018 to March 2020. 50 
diabetic patients were selected randomly with different Male (26) and females (24) there aged between 
31-80 years old. Form our results Elevated ALT was significantly associated with overweight, short 
duration of diabetes, poor glycemic control, and those treated with diet control or oral agents. there a 
high level of AST in DM patients with type 2 in liver HU in segment 3 had mean and std deviation was 
50.67±1.155 HU, on spleen 59.33±1.155 HU while pancreas was the lower one 42.67±2.082 HU. 
Individuals with type 2 diabetes have a higher incidence of LFT abnormalities in liver enzymes. Liver 
enzyme abnormalities associated with CT finding the typically present elevation of aspartate 
transaminase (AST) and alanine transaminase (ALT) relative to alkaline phosphatase (ALP). 
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INTRODUCTION 

The liver can be affected by some disease as 
injury, infection, and inflammation. Must common 
disease that affects the liver is steatosis or 
accumulation of fat, a condition known as non-
alcoholic fatty liver disease (NAFLD). It is a well-
recognized complication of diabetes with a 
frequency of 40–70% (Leite et al. 2009) 

 NAFLD is the most common chronic liver 

disease in Western countries and is associated 
with metabolic risk factors such as obesity, 
diabetes mellitus, and dyslipidemia(Chalasani et 
al. 2012) 

NAFLD is prevalent in more than one-third of 
the elderly (Koehler et al. 2012) while prevalence 
may increase up to 69% in type 2 diabetes 
patients. (Leite et al. 2009) 

The liver steatosis is either microvesicular or 
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macrovesicular and is found to change to liver 
fibrosis and cirrhosis. The most common clinical 
finding is hepatomegaly, with normal or only mildly 
elevated liver enzymes. Because of the high liver 
enzyme level in serum of patients with type 2 
diabetes mellitus, the performance of liver function 
tests is highly recommended for diabetic patients. 
(Idris et al. 2011) 

The main cause of diabetes mellitus type 2 
was Hepatocyte dysfunction due to liver fat 
accumulation may interfere with insulin action and 
cause hepatic insulin resistance. Accordingly, the 
liver enzymes U-glutamyl transferase (GGT) and 
alanine aminotransferase (ALT) correlate with 
liver fat content and have been shown to predict 
impaired glucose metabolism and type 2 diabetes 
mellitus (DM) incidence. (Farese Jr et al. 2012) 

On the other hand, secondary to insulin 
resistance, prolonged compensatory 
hyperinsulinemia may lead to the development of 
NAFLD (Reaven GM,2005) From this point of 
view, NAFLD may be a consequence rather than 
a cause of age-related insulin resistance. (Fraser 
A et al.2009) 

Serum aminotransferases such as alanine 
aminotransferase (ALT) and aspartate 
aminotransferase (AST) indicate the concentration 
of liver intracellular enzymes that have leaked and 
spread into the circulation. These are the markers 
for DM and are used as primary screening of 
NASH (Meybodi et al. 2008) 

Chronic mild elevations of ALT and AST are 
seen in type 2 diabetes patients. In a study done 
in the United States by Erbey et al in 2000, the 
prevalence of elevated ALT among type 2 
diabetes is 7.8% compared to 3.8% in those 
without diabetes (Erbey et al. 2000) 

Elevated liver enzymes are found to be 
predictors of future cardiovascular disease in 
some studies. In the Firenze Bagno a Ripoli 
(FIBAR) study done in Italy, raised gamma-GT of 
more than 40 U/L and AST of more than 40 U/L 
were associated with an increased incidence of 
Cardiovascular Disease (CVD)(Monami et al., 
2008). However, subsequent reviews conclude 
that the diagnosis of NAFLD is insufficient to 
consider as high risk for CVD. The presence of 
NAFLD should prompt for a screening of diabetes, 
but CVD screening should be guided by other 
established cardiovascular risk factors (Ghouri et 
al.2010) 

So to eliminate NAFLD and its complications, 
all patients with DM type 2 should be screening as 
soon as possible by an accurate diagnosing tool 
like computed tomography (CT) scan to assess 

liver attenuation by using Hounsfield Units (HU). 
CT scan considers widely available, easy to 

perform examination, fast moderate cost exams, 
and the result is much diagnosable for DM type 2 
patients'. 
  
MATERIALS AND METHODS 

The study was conducted in the Medical 
Imaging Department – CT scan department in 
Jeddah Hospitals. The ethical approval board 
approved the study of the faculty of Radiological 
Sciences, Sudan University of Sciences and 
Technology.  

The cases were retrospectively studied from 
the reviewed database of all patients who had 
undergone abdominal CT examinations from 
March 2018 to March 2020. A total of 50 patients 
were selected using a convenient sampling 
method. All patients were T2DM and performed 
laboratory examination to test elevation and 
function of liver, spleen, and pancreas in liver 
function test. Unenhanced CT scans of the liver 
were performed for all patients included in the 
study. 

Inclusion Criteria  
The patients with confirmed diabetes mellitus 

or newly diagnosed diabetes mellitus by WHO 
criteria (1999), fasting plasma venous glucose of 
≥ 7 mmol/l (126 mg/dl) or random or two-hour 
postprandial plasma venous glucose 

 of ≥ 11.1 mmol/l (200 mg/dl). 

Exclusion Criteria  
A normal patient who do not diabetic and 

children were excluded from the sample size 
another patient who does not have a liver function 
test and came to the CT department to do an 
abdominal CT scan. 

Imaging of Liver 
The abdominal CT examinations were done 

using (TOSHPA) CT Machine, at 120 kVp, 50mA-
100mA (AP&LAT), 5-mm slice thickness (1 mm 
for Axial -1 mm for Coronal). Collimation was 0.5 x 
80, pitch of 0.8. Every patient was examined in 
supine positioning, typically feet first, scanning 
from above the diaphragm (top of the liver) to the 
level of the iliac crests. The patients were told to 
hold his/her breath at the end of inspiration.   

Attenuation measurements  
We delineated five regions of interest (ROIs) 

within the liver: Left Liver Lobe (segment 3), right 
liver lobe (segment 5), right liver lobe (segment 6), 
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middle of the spleen, and the body of the 
pancreas on the CT scans of each patient. The 
attenuation measurements were obtained for each 
ROI, which include a larger area of the liver and 
spleen. Regions excluded were of non-uniform 
parenchymal attenuation, including apparent 
hepatic vessels. Also, the  

Size for the liver and spleen in two 
dimensions’ axial Coronal obtained. All the 
images were interpreted by a single observer with 
fifteen-year' experience in CT scan and picture 
archiving and communication system (PACS 
system) 

Blood Sample for liver function test  
5 ml of venous blood was drawn from each 

patient in this study using a disposable plastic 
syringe. The sample was then analyzed for serum 
bilirubin, alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), alkaline 
phosphatase (ALP), γ glutamyl transferase (GGT), 
prothrombin time (PT) by 550 Expressed Plus 
Automatic Chemistry Analyzer at the pathology 
department 

Statistical analysis 
The collected data were analyzed using the 

statistical software package SPSS version 23.0 
(SPSS Inc, Chicago, IL). Frequency and 
percentage are taken to describe qualitative data.  
For descriptive analysis, results are presented as 
mean ± standard deviation (SD). Means of 2 
continuous normally distributed variables were 
compared by independent samples Student's t-
test. 

The independent sample t-test was applied to 
compare the CT attenuation values of the liver, 
pancreas, and spleen in all cases. Pearson 
correlation was used to find a correlation between 
duration of T2DM and the CT mean attenuation 
values of liver, spleen, and pancreas. P-value was 
considered significant if less than 0.05.  
 
RESULTS AND DISCUSSION 

The sample of this research consisted of 50 
patients with type 2 DM. Table (1) shows the 
frequency distribution of gender among a sample 
of the study, 48% was female while the high 
percentage was male representing 52% of all total 
samples.  

Table (2) show descriptive statistic of age, 
BMI, duration, liver spleen, pancreas HU (min, 
max, mean ± Std. Deviation) represent had mean 
and std deviation was in age 57.52±11.755, BMI 
was 31.21± 6.800 for mean and std. Deviation. 

These similar to Meybodi M A et al studied the 
risk of higher ALT was significantly lower with a 
longer duration of diabetes. The incidence of high 
ALT was more common among Male more than 
females. (Meybodi M A et al. 2008). 

In Table 2 Liver CT number HU (LT segment 
3) mean and Std. Deviation was 44.62±7.340, in 
the RT segment 5 for the liver was  
43.30±7.183 for mean and std. Deviation of this 
measurement is less than HU for the spleen which 
was 52.48 ±8.057. pancreas percent less 
one than liver and spleen HU for diabetic patients 
with values 36.08±9.041, this statistical 
measurement agrees with H. Osama et al. study 
comparison of the HU attenuation of liver and 
spleen in DM and non-DM patients clarified that 
the liver’s attenuation in diabetic patients is 
significantly lower than in non-diabetic patients. 
The CT attenuation of LT lower lobe (segment III) 
in T2DM patients was significantly lower than in 
non-diabetics (56.2±10.69 HU vs. 44.62±9.93 HU, 
P<0.01). In T2DM patients and non-diabetic 
patients, the CT attenuation of RT lower lobe 
(segment V) was 43.46±9.77HU and 
56.02±10.65HU, respectively, (P<0.01) and 
44.62±9.93HU and 56.2±10.69HU, respectively, 
for segment VI (P<0.01) (H. Osama et al.2020). 

The spleen attenuation values in T2DM 
patients were significantly higher than in non-
diabetics (51.88±9.13 HU vs. 47.15±8.84 HU, 
P<0.001). On the other hand, the pancreatic 
attenuation values in T2DM were lower than those 
in non-diabetic patients (34.58±8.74 HU vs. 
45.91±9.44 HU, P<0.01). (H. Osama et al. 2020). 

Type 2 diabetes patients have been reported 
to be associated with a higher incidence of 
abnormal liver function tests (LFT) compared to 
the individuals without diabetes, elevated ALT 
being the most common abnormality (Harris, 
2005) as we see in Table (3) which represents a 
relation between the mean of ALT and means HU 
for liver, spleen, pancreas at p-value < 0.01 in this 
study we found a correlation between ALT and 
liver HU at  LT segment 3 was 0.01 and significant 
with liver RT segment 6 was less than 0.008, 
while there is a significant correlation between 
ALT and HU of spleen and pancreas which 
measures was p-value was 0.044 and 0.660 
respectively . 
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Table 1: Frequency distribution of gender 
Gender Frequency Percent Valid Percent Cumulative Percent 

 

Female 24 48.0 48.0 48.0 

Male 26 52.0 52.0 100.0 

Total 50 100.0 100.0  

 
Table 2: Descriptive statistic of age, BMI, duration, liver spleen, pancreas HU (min, max, mean ± 

Std. Deviation 
 N Minimum Maximum Mean Std. Deviation 

Age 50 31 80 57.52 11.755 

Body mass index 50 20 48 31.21 6.800 

DURATION OF DIABETES\YEARS 50 4 35 13.56 6.923 

Liver CT number HU (LT segment 3) 50 28 60 44.62 7.340 

Liver CT number (RT Segment 5) 50 31 56 43.30 7.183 

Liver CT number (RT Segment 6) 50 28 54 41.14 6.993 

Spleen CT number(middle only) 50 30 71 52.48 8.057 

Pancreas CT number (Body) 50 16 55 36.08 9.041 

Valid N (listwise) 50     

 
Table 3: compares mean ALT and means HU for liver, spleen, pancreas 

 
Report 

ALT(10-45)U\L Liver CT 
 number HU 

 (LT segment 3) 

Liver CT  
number  

(RT Segment 5) 

Liver CT  
Number 

 (RT Segment 6) 

Spleen 
 CT number 

(middle only) 

Pancreas  
CT number  

(Body) 

High Mean 51.60 49.80 49.20 59.20 39.60 

Std. Deviation 2.608 3.033 3.633 1.095 5.683 

Low Mean 49.00 45.80 44.00 56.80 35.20 

Std. Deviation 9.247 9.418 9.165 10.710 10.281 

Normal Mean 43.20 42.18 39.78 51.10 35.75 

Std. Deviation 6.888 6.876 6.339 7.715 9.314 

Total Mean 44.62 43.30 41.14 52.48 36.08 

Std. Deviation 7.340 7.183 6.993 8.057 9.041 

P-value 0.017 0.055 0.008 0.044 0.660 

 
Table 4: compares mean AST and means HU for liver, spleen, pancreas 

Report 

AST (10-45)U\L Liver CT  
number HU 

 (LT segment 3) 

Liver  
CT number 

 (RT Segment 5) 

Liver CT 
 Number 

 (RT Segment 6) 

Spleen CT 
 number 

(middle only) 

Pancreas  
CT number 

 (Body) 

High Mean 50.67 48.67 46.67 59.33 42.67 

Std. Deviation 1.155 1.155 1.155 1.155 2.082 

Normal Mean 44.23 42.96 40.79 52.04 35.66 

Std. Deviation 7.402 7.274 7.065 8.113 9.159 

Total Mean 44.62 43.30 41.14 52.48 36.08 

Std. Deviation 7.340 7.183 6.993 8.057 9.041 

P-value 0.143 0.185 0.160 0.130 0.196 

Table 5 :compares mean ALP and means HU for liver, spleen, pancreas 
Report 

ALP (40-115)U\L 
Liver CT number 
HU (LT segment 

3) 

Liver  
CT number  

(RT Segment 5) 

Liver CT number 
(RT Segment 6) 

Spleen  
CT number 

(middle only) 

Pancreas 
 CT number  

(Body) 

High 
Mean 46.13 43.50 41.88 54.63 36.13 

Std. Deviation 6.175 8.089 7.240 7.873 10.426 

Normal 
Mean 44.33 43.26 41.00 52.07 36.07 

Std. Deviation 7.573 7.106 7.026 8.119 8.896 

Total 
Mean 44.62 43.30 41.14 52.48 36.08 

Std. Deviation 7.340 7.183 6.993 8.057 9.041 

P-value 0.532 0.993 0.749 0.417 0.988 
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Table 6: Correlation age, duration, BMI and means HU for liver, spleen, pancreas 
 

 Age 
Duration  

of DM 
BMI 

Liver CT number HU 
 (LT segment 3) 

Pearson Correlation -.537** -.477** -.320* 

Sig. (2-tailed) .000 .000 .024 

Liver CT number (RT Segment 5) 
Pearson Correlation -.567** -.545** -.326* 

Sig. (2-tailed) .000 .000 .021 

Liver CT number (RT Segment 6) 
Pearson Correlation -.533** -.457** -.308* 

Sig. (2-tailed) .000 .001 .029 

Spleen CT number(middle only) 
Pearson Correlation -.313* -.427** -.435** 

Sig. (2-tailed) .027 .002 .002 

Pancreas CT number (Body) 
Pearson Correlation -.621** -.587** -.214 

Sig. (2-tailed) .000 .000 .136 

**Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
 
there is an elevation in ALT level for DM type 

2 patient with high level in liver LT segment 3 
51.00±2.608 mean and Std Deviation, spleen HU 
mean was slightly higher than liver and measured 
59.20±1.059 compared with normal ALT level for 
liver HU LT segment 3 was 43.20± 6.888 and 
spleen HU normal level of ALT was 51.10± 7.715. 
this result is similar to Salmela et al in 1984 
studied the liver function tests of 175 diabetic 
patients without chronic liver disease, where 57% 
were found to have at least one abnormal LFT, 
27% had at least two abnormal LFTs. However, 
these increases in liver function values were 
rarely more than two times the upper limit of 
normal (Salmela et al.1984). anther A cross-
sectional study from Iran by Meybodi M A 2008 
was demonstrated a rise of ALT and AST in 
10.4% and 3.3% of type 2 diabetes patients 
respectively. (Meybodi M A et al. 2008) 

Among the Iran diabetes population, although 
raised ALT was seen with increasing age, fasting 
blood glucose, and triglyceride levels, it was not 
statistically significant. Same as our result 
(Meybodi M A  et al. 2008) and Idris A S, 2011 his 
study in Sudan, high serum alanine 
aminotransferase (ALT )level is greater among 
type 2 diabetes, overweight or obese and men. ( 
Idris A S et al. 2011) 

Table 4 compares mean AST and means HU 
for liver, spleen, pancreas which there was no 
significant correlation between AST and HU of 
liver and spleen p-value more than 0.001. there a 
high level of AST in DM patients with type 2 in 
liver HU in segment 3 had mean and std deviation 
was 50.67±1.155 HU, on spleen 59.33±1.155 HU 
while pancreas was the lower one 42.67±2.082 
HU. This result was similar to Salmela et al. In this 

study, the histologic changes were also studied 
but no significant correlation was present between 
liver histology and raised AST with HU of the liver. 
(Salmela et al.1984) another study by Erbey JR et 
al reported that the prevalence of elevated ALT 
and AST levels among the U.S. type 2 diabetics 
was 7.8% and this prevalence was higher among 
obese (BMI > 25kg/m2) than non-obese diabetics 
(10.6% vs. 6.6%). (Erbey JR et al. 2000) 

According to a study in Sudan, where 50 
diabetes patients and 30 normal control subjects 
were tested for liver function, the means of ALT 
and AST were reported to be significantly higher 
among diabetes compared to the control. 
However, the mean values were within the normal 
range. ( Idris A S et al. 2011) 

 Table 5 represents the relation between 
mean ALP and means HU for liver, spleen, 
pancreas we found there was no significant 
correlation between them, and the higher mean 
and std deviation was in the liver LT segment 3 
46.13±6.175 HU, spleen 54.63±7.873 HU and 
pancreas was the lower one 36.13±10.426. A 
similar finding was also present in a study by 
Foster et al, in which the means of ALT, AST, 
ALP, γGT, bilirubin, and albumin of 60 study 
subjects with diabetes were within the reference 
range. Foster et al. reported no significant 
correlation between measures of glucose control 
and abnormal liver function tests. However, they 
found that the presence of abnormally bright liver 
echo on ultrasound imaging was associated with 
minimally elevated ALT and ALP. He concluded 
there was no significant P-value between ALP and 
HU of liver and spleen in DM type 2 patients. 
(Foster et al. 1980) 

Table 6 correlation age, duration, BMI and 
means HU for liver, spleen, pancreas and we 
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found Correlation is significant at the 0.01 level (2-
tailed). Age correlated with liver HU in segment 3 
was -.537 age, -.477 for the duration of DM, and -
.320 BMI which was near to liver HU for segment 
5 & 6. In spleen correlation of HU with age, 
duration, and BMI were-.313, -.427, and -.435 
respectively. Pancreas CT number correlated with 
age, duration, and BMI was significant correlation 
at the 0.01 level by measuring -.621 for age,  -
.587 for the duration of DM and BMI was -.214. 

From our results, Elevated ALT was 
significantly associated with overweight, short 
duration of diabetes, poor glycemic control, and 
those treated with diet control or oral agents on 
multivariate analysis according to Salmela et al. 
(Salmela et al.1984). Anther results with H. 
Osama et al. who found that a negative 
correlation existed between the duration of DM 
and attenuation values of the pancreas, liver, and 
spleen. As the duration of the DM increased, the 
attenuation of the liver, pancreas, and spleen 
decreased significantly (P<0.001). We also found 
that the most affected organ was the pancreas, 
which showed a strong, significant negative 
correlation. (H. Osama et al. 2020)   

CONCLUSION 
Individuals with type 2 diabetes have a higher 

incidence of LFT abnormalities in liver enzymes. 
The most common abnormality is elevated ALT, 
AST and ALP must commonly affect liver segment 
III and HU attenuation is slightly raised in the liver 
and spleen more than the pancreas. Any diabetic 
patient found to have a mild chronic elevation of 
ALT, or elevation of ALT ≤ 250 units/l for > 6 
months should have screening for treatable 
causes of chronic liver disease because DM type 
2 with long duration of disease significant 
correlated with HU numbers of liver, spleen, and 
pancreas. 

There was a significant correlation of age, 
duration, BMI, and means HU for liver, spleen, 
pancreas at the 0.01 level. There was no 
significant correlation between AST and HU of the 
liver and spleen p-value more than 0.001. 
Liver enzyme abnormalities associated with CT 
finding the typically present elevation of aspartate 
transaminase (AST) and alanine transaminase 
(ALT) relative to alkaline phosphatase (ALP), 
whereas The main tool in the evaluation of liver 
enzyme abnormalities is abdominal ultrasound 
(US), with more in-depth evaluation by computed 
tomography (CT), magnetic resonance 
imaging (MRI)/magnetic resonance 
cholangiopancreatography (MRCP), or 

cholescintigraphy. so CT imaging findings 
associated with common patterns of liver enzyme 
abnormalities allows the integration of radiology, 
clinical, and laboratory data to arrive at a more 
informed and comprehensive diagnosis of 
Diabetic patients. 
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