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Abstract

Background: Intrahepatic lipid (IHL) content is considered as an 
important marker of insulin resistance in overweight and obesity, so 
quantifying IHL content may be useful for assessing effects of in-
terventions. IHL content can be quantitatively measured by hepatic 
proton magnetic resonance spectroscopy (1H-MRS), whereas other 
methods, such as computed tomography (CT) scan or ultrasound ech-
ography are semi-quantitative or qualitative analysis. But, 1H-MRS 
cannot be routinely performed in general hospitals, and thus, surro-
gate markers reflecting changes in IHL content are required. Previ-
ously, we performed three prospective studies focusing on IHL by 
antidiabetic drug in type 2 diabetic patients with overweight or obe-
sity. Here, we present a combined post hoc analysis of these studies 
with the aim to identify optimal markers of changes in IHL content.

Methods: A total of 49 patients with body mass index (BMI) ≥ 25 kg/
m2 or fatty liver were enrolled in the previous three prospective stud-
ies. For the current analysis, we extracted age and sex at baseline and 
the following variables at baseline and 12 and 24 weeks after the start 
of drug treatment: IHL content; BMI; serum low-density lipoprotein-
cholesterol (LDL-C) and triglyceride (TG); serum aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), and γ-glutamyl 
transpeptidase (γ-GTP); hemoglobin A1c (HbA1c). We evaluated asso-
ciations of the change in the variables with the change in IHL content.

Results: All variables showed significant change from baseline to 12 

and 24 weeks, but not from 12 to 24 weeks. The change in BMI, AST, 
ALT, and HbA1c at 12 and 24 weeks showed stronger association 
with the change in IHL content at those times than the other variables. 
From multiple regression analysis at 12 weeks, the baseline value and 
change from baseline to 12 weeks in BMI, ALT, and HbA1c were cor-
related with the change in IHL content.

Conclusion: BMI, ALT, and HbA1c may be useful markers for moni-
toring the change in IHL content.

Keywords: Body mass index; Alanine aminotransferase; Hemoglobin 
A1c; Intrahepatic lipid content; Clinical marker; Type 2 diabetes

Introduction

Abdominal visceral fat (AVF) and abdominal subcutaneous 
fat (ASF) volume, and intrahepatic lipid (IHL) content are 
associated with insulin resistance in people with obesity [1-
3]. In a previous study, we aimed to identify markers that are 
closely associated with insulin resistance [4]. Thirty unmedi-
cated Japanese people with overweight or obesity underwent 
75-g oral glucose tolerance test (OGTT) to calculate indices 
of insulin resistance (homeostasis model assessment of insulin 
resistance (HOMA-R) and Matsuda Index), dual energy X-
ray absorptiometry (DXA) to measure whole body fat (WBF) 
weight, whole abdominal computed tomography (CT) scan 
from the top of liver to the bottom of pelvic cavity to obtain 
AVF and ASF volumes, and hepatic proton magnetic reso-
nance spectroscopy (1H-MRS) to quantitatively assess IHL 
content. According to multiple regression analysis, IHL con-
tent but not WBF weight or AVF or ASF volume was signifi-
cantly correlated with both the HOMA-R and Matsuda Index. 
Furthermore, after a 5% reduction of body weight by a dietary 
intervention, the Matsuda Index significantly increased, and 
this increase was accompanied by a significant reduction in 
IHL content but not by changes in AVF or ASF volume. These 
results suggested that IHL may be a suitable marker of insu-
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lin resistance in people with overweight and obesity. In fact, 
nonalcoholic fatty liver disease (NAFLD), a common chronic 
liver disorder worldwide, is closely associated with insulin 
resistance and type 2 diabetes [5]. Taken together, these find-
ings indicate that quantitative measuring of IHL content may 
enable assessment of the effects of lifestyle modification and 
drug treatment interventions.

1H-MRS is a non-invasive method to quantitatively meas-
ure IHL content, but it cannot be routinely performed in gen-
eral medical institutes or hospitals. Therefore, other imaging 
analyses, such as a CT scan (to assess the liver-to-spleen ratio), 
ultrasound echography, or the bioimpedance analysis are used; 
however, these methods are only semi-quantitative or qualita-
tive. Consequently, having quantitative markers that are sensi-
tive to changes in IHL content and easily measured by blood 
examination would be useful for assessing the effects of inter-
ventions on IHL content.

Previously, we measured IHL content by 1H-MRS during 
a general health check examination in 305 unmedicated Japa-
nese individuals. On the basis of our findings, we proposed a 
cut-off value for IHL content in metabolically healthy people 
[6]. Furthermore, multiple regression analysis showed a cor-
relation of the log-transformed IHL content with sex, age, log 
body mass index (BMI), and log serum alanine aminotrans-
ferase (ALT) but not log serum aspartate aminotransferase 
(AST)) or log serum γ-glutamyl transpeptidase (γ-GTP), sug-
gesting that serum BMI and ALT may be optimal markers for 
IHL content. Similarly, another report showed a correlation of 
serum ALT but not AST or γ-GTP with IHL content measured 
by 1H-MRS in people with obesity [7]. However, these results 
were based on cross-sectional analysis, and it remains unclear 
whether BMI and ALT may change in parallel with IHL con-
tent. Previously, we performed three 24-week prospective 
studies on the changes in IHL content with anti-diabetic drug 
treatment in patients with overweight or obesity and type 2 di-
abetes [8-10]. Because IHL content was measured by 1H-MRS 
in all patients, we combined the results of these three studies 
and performed a post hoc analysis with the aim to identify use-
ful markers for change in IHL content.

Materials and Methods

Participants

We analyzed the data of 49 patients with type 2 diabetes who 
had a BMI equal to or greater than 25 kg/m2 or fatty liver with-
out other chronic liver disease. These patients were participants 
in three prospective, 24-week, single-center, open-label stud-
ies that we conducted at the outpatient clinic of St. Marianna 
University Hospital (Kawasaki, Japan) between June 2011 and 
January 2016 [8-10]. Twenty participants were treated with 
the sodium glucose co-transporter-2 inhibitor ipragliflozin (50 
mg) [9]; 10 with the sulfonyl urea glimepiride (0.5 mg titrated 
to 1.0 mg) [8]; 10 with the dipeptidyl peptodase-4 inhibitor 
sitagliptin (25 mg titrated to 50 mg) [8]; and nine with the 
glucagon-like peptide-1 (GLP-1) receptor agonist liraglutide 
(0.3 mg titrated to 0.9 mg) [10]. In all patients, body weight, 

hemoglobin A1c (HbA1c), serum lipids, and serum liver en-
zymes were assessed at baseline and 12 and 24 weeks after 
starting treatment.

Measurement of IHL content

In the three studies, IHL content was measured at baseline, 12, 
and 24 weeks after starting treatment by the same method of 
1H-MRS, as described previously [8, 9]. Briefly, images of the 
liver were obtained with a 1.5-Tesla whole-body system (In-
tera Achieva; Philips Medical Systems, The Netherlands). The 
volume of interest (20 × 20 × 20 mm3) was centered on seg-
ment 6 of the liver, and spectra were acquired by using a point-
resolved spectroscopy sequence (PRESS) with a 2,000 ms 
repetition time, 144 ms echo time, and 128 acquisitions. Then, 
intracellular triglycerides were quantified from the methylene 
proton peaks (-CH2) of fatty acids at 1.3 ppm. Spectrum fitting 
and analysis were performed with LCModel software (ver-
sion 6.2; S. Provencher, PhD, Canada), after which the IHL 
content was calculated as follows: area under the curve of the 
methylene proton peak (AUC-IHL)/(AUC-IHL + area under 
the curve of the water proton peak (AUC-water)) × 100 (%).

Data extraction and statistical analysis

We extracted age and sex at baseline and the following vari-
ables at baseline and 12 and 24 weeks after the start of drug 
treatment: IHL content; BMI as a marker of body weight; 
serum low-density lipoprotein-cholesterol (LDL-C) and tri-
glyceride (TG) as markers of lipid metabolism; serum AST, 
ALT, and γ-GTP as markers of liver function; and HbA1c as a 
marker of glycemic control.

Data are expressed as mean ± standard deviation (SD). 
Differences between baseline and 12 and 24 weeks were as-
sessed by Tukey’s type multiple comparison test. Then, to ex-
amine whether the change in each variable was linked with 
that in IHL content, we analyzed by a modified method of cor-
relation analysis. Briefly, we used the change from baseline to 
12 or 24 weeks in IHL content as (Yi at 12 or 24 weeks - Yi at 
baseline) and that in another variable as (Xi at 12 or 24 weeks 
- Xi at baseline), and calculated coefficient of linkage (λ) by 
the below equations.

λ = (covariance of X and Y)/((standard devia-
tion of X) × (standard deviation of Y))

Covariance of X and Y = [Σ i = 1-49{(Xi at 12 or 24  
weeks - Xi at baseline) × (Yi at 12 or 

24 weeks - Yi at baseline)}]/49
Standard deviation of X = √[Σ i = 1 - 49 (Xi 

at 12 or 24 weeks - Xi at baseline)2/49]
Standard deviation of Y = √[Σ i = 1 - 49 (Yi 

at 12 or 24 weeks - Yi at baseline)2/49]
Finally, to examine what are the optimal markers to reflect 

change in IHL content, multiple regression analysis by step-
wise forward selection method was done. All analyses were 
performed with the SPSS version 21 software package (IBM, 
Tokyo, Japan). Statistical significance was defined as a P value 
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less than 0.05, and selected variables showing P value less than 
0.1 in multiple regression analysis were used to make multiple 
regression equation.

The study was approved by the Ethics Committee of St. 
Marianna University School of Medicine (No. 1850, 2678). 
The study was conducted in compliance with the ethical stand-
ards of the responsible institution on human subjects as well as 
the Helsinki Declaration.

Results

The clinical characteristics at baseline, 12, and 24 weeks after 
starting treatment and the change in the variables of interest 
are shown in Table 1. BMI, IHL content, LDL-C, AST, ALT, 
γ-GTP, and HbA1c but not TG decreased from baseline to 12 
and 24 weeks; however, no variable changed from 12 to 24 
weeks.

Coefficient of linkage (λ) of the variables at 12 and 24 
weeks with IHL content are shown in Table 2. At 12 weeks, 
significant positive association between change in the variable 
and that in the IHL content were found in BMI, LDL-C, TG, 

AST, ALT, γ-GTP, and HbA1c. At 24 weeks, such associations 
were found in BMI, LDL-C, AST, ALT, γ-GTP, and HbA1c but 
not TG. λ of BMI, AST, ALT, and HbA1c were higher than the 
other variables.

Since all variables did not show significant change from 
12 to 24 weeks, we performed multiple regression analysis by 
stepwise forward selection method at 12 weeks. Specifically, 
we used IHL content at 12 weeks as the objective variable and 
used IHL content at baseline and the other variables at baseline 
and 12 weeks as the explaining variables. As shown in Table 3, 
selected variables were IHL content at baseline, BMI at base-
line and 12 weeks, ALT at baseline and 12 weeks, and HbA1c 
at baseline and 12 weeks. Along with the results, we obtained 
multiple regression equation as below.

Y (IHL content at 12 weeks) = 13.1 + 0.636 × (IHL 
content at baseline) - 1.93 × (BMI at baseline) + 

1.66 × (BMI at 12 weeks) - 0.118 × (ALT at base-
line) + 0.264 × (ALT at 12 weeks) - 3.37 × (HbA1c 

at baseline) + 3.16 × (HbA1c at 12 weeks)
Above equation could be transformed as below.

Y (IHL content at 12 weeks - IHL content at baseline) = 

Table 1.  Clinical Characteristics of Participants

Baseline 12 weeks 24 weeks Change from base-
line to 12 weeks

Change from base-
line to 24 weeks

Age, years 51.5 ± 12.1
Sex, male/female 27/22
BMI, kg/m2 30.6 ± 5.9 30.0 ± 5.5*** 29.6 ± 5.3*** -1.22 ± 3.75 -0.97 ± 1.46
IHL content, % 28.5 ± 14.9 20.9 ± 12.3*** 19.8 ± 13.8*** -7.62 ± 9.52 -8.69 ± 10.6
LDL-cholesterol, mg/dL 125 ± 29 118 ± 26* 118 ± 28* -6.61 ± 18.1 -11.8 ± 30.7
TG, mg/dL 150 ± 55 135 ± 61* 145 ± 70 -15.1 ± 48.5 -4.16 ± 74.2
AST, IU/L 36.2 ± 23.6 26.4 ± 13.6*** 24.9 ± 13.5*** -9.80 ± 15.7 -11.3 ± 16.2
ALT, IU/L 47.7 ± 33.8 34.8 ± 23.5*** 31.1 ± 20.0*** -20.2 ± 27.1 -26.4 ± 29.6
γ-GTP, IU/L 64.1 ± 71.4 47.2 ± 49.5*** 43.5 ± 42.4*** -15.6 ± 27.2 -19.3 ± 40.6
HbA1c, % 7.47 ± 1.18 6.61 ± 0.95*** 6.48 ± 0.88*** -0.86 ± 0.76 -0.90 ± 0.81

Data are expressed as mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001 vs. baseline. BMI: body mass index; IHL: intrahepatic lipid; LDL-C: low-density 
lipoprotein-cholesterol; TG: triglyceride; AST: aspartate aminotransferase; ALT: alanine aminotransferase; γ-GTP: γ-glutamyl transpeptidase; HbA1c: 
hemoglobin A1c.

Table 2.  Association of Change in Clinical Variables With Change in Intrahepatic Lipid Content From Baseline to 12 and 24 Weeks

Clinical variable Coefficient of linkage (λ) at 12 weeks P Coefficient of linkage (λ) at 24 weeks P
BMI 0.695 < 0.001 0.741 < 0.001
LDL-C 0.516 < 0.001 0.424 0.003
TG 0.282 0.047 0.034 0.815
AST 0.712 < 0.001 0.682 < 0.001
ALT 0.733 < 0.001 0.660 < 0.001
γ-GTP 0.579 < 0.001 0.462 < 0.001
HbA1c 0.740 < 0.001 0.631 < 0.001

BMI: body mass index; LDL-C: low-density lipoprotein-cholesterol; TG: triglyceride; AST: aspartate aminotransferase; ALT: alanine aminotransferase; 
γ-GTP: γ-glutamyl transpeptidase; HbA1c: hemoglobin A1c.
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13.1 - 0.364 × (IHL content at baseline) - 0.273 × (BMI 
at baseline) + 1.66 × (BMI at 12 weeks - BMI at base-
line) + 0.146 × (ALT at baseline) + 0.264 × (ALT at 12 
weeks - ALT at baseline) - 0.212 × (HbA1c at baseline) 

+ 3.16 × (HbA1c at 12 weeks - HbA1c at baseline)
Because multiple coefficient of determination (R2) was 

0.855, and adjusted R2 was 0.829, changes in BMI, ALT, and 
HbA1c and baseline values of these variables and IHL content 
were associated with change in IHL content.

Discussion

We performed a post hoc analysis of data from three studies on 
IHL content and clinical biomarkers. In all studies, measure-
ments were performed by the same methods at one hospital. 
The present post hoc analysis of the data from three studies 
found that changes in BMI, AST, ALT, and HbA1c strongly 
correlated with that in IHL content at 12 and 24 weeks after 
starting a drug intervention in analysis of coefficient of linkage 
as shown in Table 2. Furthermore, changes in BMI, ALT, and 
HbA1c and baseline values of IHL content and these variables 
were closely associated with change in IHL content in multi-
ple regression analysis as shown in Table 3. Therefore, BMI, 
ALT, and HbA1c may be useful markers to assess change of 
IHL content in patients with overweight or obesity and type 2 
diabetes.

In correlation analysis between X and Y, when we use 
changing rate or changing amount of IHL content as Y and 
that of another variable as X, obtained result may have a pos-
sibility of strange and unreasonable data. For example, in the 
case that changing rates or amounts of change in all subjects 
are same value, the mean of them will be same value. Thus, 
both covariance and product of SD will be zero, and correla-
tion coefficient cannot be calculated. Thus, we used a modified 
method of correlation analysis in the present study as shown in 
the part of data extraction and statistical analysis. As shown in 
Table 3, variance inflation factor (VIF), a marker of multicol-
linearity, of BMI at baseline and 12 weeks were high, whereas 
VIF of ALT and HbA1c both at baseline and 12 weeks were 
less than 10. In multiple regression analysis with exclusion of 
BMI at baseline from the explaining variables, VIF of BMI at 

12 weeks was 1.099. In similar analysis with exclusion of BMI 
at 12 weeks, VIF of BMI at baseline was 1.162. In both analy-
ses, VIF of other variables were less than 10. Taken together, 
high VIF values of BMI at baseline and 12 weeks in the Table 
3 may be due to correlation between them, and BMI, ALT, and 
HbA1c may be independent variables each other. Thus, ob-
tained result from multiple regression analysis in the present 
study was thought as reasonable.

Both AST and ALT catalyze the transfer of amino groups 
from aspartate or alanine to ketoglutaric acid to produce ox-
aloacetate and pyruvate, respectively, in gluconeogenesis. 
Whereas AST is found in high concentrations in the liver, 
cardiac and skeletal muscle, kidneys, brain, and other organs, 
ALT is found mainly in the liver. Thus, ALT is considered 
as a useful marker of both hepatocellular injury and IHL ac-
cumulation in NAFLD [11]. However, a previous cross-sec-
tional study showed that ALT may not be a useful marker for 
diagnosis of NAFLD, because levels of liver enzymes such 
as ALT were normal in up to 80% of patients with NAFLD 
[12]. Similarly, a recent meta-analysis of 11 studies in a total 
of 4,084 patients also showed that 25% of the patients with 
NAFLD had a normal ALT value (95% confidence interval 
(CI): 20-31%) [13]. Because these findings indicated that 
ALT may not be a reliable marker for screening NAFLD, sev-
eral studies proposed using an index or score that combines 
ALT with various other clinical biomarkers and shows high 
sensitivity and specificity, as validated by 1H-MRS or ultra-
sonography [14].

Previously, we reported a significant correlation of ALT 
with IHL content in 305 unmedicated Japanese people who 
underwent a general health check [6]. In this study, we identi-
fied cut-off values for IHL content for metabolically healthy 
individuals by receiver operating curve analysis and suggested 
that these values may be useful for defining a normal range of 
IHL content. In addition, we calculated that ALT values of 18 
and 12 IU/L in men and women, respectively, were equivalent 
to the cut-off values of IHL content (unpublished data). These 
ALT values were much lower than the general upper limit of 
ALT in normal ranges, including those used in the above men-
tioned studies, suggesting that these lower values may be use-
ful for screening for NAFLD. Despite our findings and those 
of the studies described above, it remains unclear whether ALT 
or another variable is an optimal marker for monitor changes 

Table 3.  Multiple Regression Analysis by Stepwise Forward Selection Method

Selected variable Partial regression coefficient Standard partial regression coefficient VIF P
Constant 13.1 0.097
IHL content at baseline 0.636 0.773 1.850 < 0.001
BMI at baseline -1.93 -0.924 46.09 0.031
BMI at 12 weeks 1.66 0.746 43.98 0.072
ALT at baseline -0.118 -0.325 5.174 0.024
ALT at 12 weeks 0.264 0.508 4.589 < 0.001
HbA1c at baseline -3.38 -0.323 2.979 0.004
HbA1c at 12 weeks 3.16 0.240 3.768 0.049

VIF: variance inflation factor; IHL: intrahepatic lipid; BMI: body mass index; ALT: alanine aminotransferase; HbA1c: hemoglobin A1c.



Articles © The authors   |   Journal compilation © J Endocrinol Metab and Elmer Press Inc™   |   www.jofem.org 77

Takemoto et al J Endocrinol Metab. 2022;12(2):73-78

in IHL content because all of the above results were based on 
cross-sectional research.

As regards findings from prospective longitudinal stud-
ies, a meta-analysis showed that exercise alone or in combi-
nation with a dietary intervention reduces BMI, serum liver 
enzymes, and IHL content as assessed by liver biopsy or im-
aging methods such as CT, 1H-MRS, and ultrasonography, in 
patients with NAFLD, but the meta-analysis did not include 
a correlation analysis of the relative change of IHL content 
and that of BMI and liver enzymes [15, 16]. A recent prospec-
tive study showed that a soy protein-based meal regimen de-
creased IHL content (as assessed by 1H-MRS) and both AST 
and ALT values in patients with nonalcoholic steatohepatitis 
[17], and the other study also revealed that a glucagon-like 
peptide 1 receptor agonist and sodium glucose co-transport-
er 2 inhibitor (SGLT2-i) decreased liver fat (as assessed by 
vibration-controlled transient elastography with controlled at-
tenuation parameter quantified hepatic fat content method), 
BMI, HbA1c, and the activity of both serum ALT and γ-GTP 
[18]. Our previous study using SGLT2-i also showed similar 
result [9]. However, these studies did not evaluate whether 
the changes in BMI and liver enzyme values were linked with 
the change in IHL content. Therefore, the present study might 
be the first to show that BMI, ALT, and HbA1c may change 
in parallel with changes of IHL content, as measured by 1H-
MRS, and thus that these markers may be useful markers for 
monitoring IHL content in patients with overweight or obesity 
and type 2 diabetes.

The present study has several limitations. First, it was a 
post hoc analysis of a small number of patients with type 2 dia-
betes. Second, the study period was 24 weeks, and it is unclear 
whether the obtained results are applicable in the longer term. 
Third, all three studies used in the present analysis were drug 
intervention trials, and the analysis did not include any studies 
of dietary and/or exercise interventions. All antidiabetic agents 
can directly influence liver function and glycemic control, so 
serum liver enzyme activities and HbA1c may change with-
out being related to changes in IHL content. Because of these 
limitations, the present results need to be confirmed in a long-
er term prospective study with a large number of participants 
treated by both drug and non-drug interventions.

In conclusion, the change in BMI, AST, ALT, and HbA1c 
at 12 and 24 weeks showed stronger association with the 
change in IHL content at those times than the other variables. 
The baseline value and change from baseline to 12 weeks in 
BMI, ALT, and HbA1c were correlated with the change in IHL 
content. Consequently, BMI, ALT, and HbA1c may be useful 
markers for monitoring change in IHL content.
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