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Association between diagnostic imaging and 
biochemical markers: a possible tool for monitoring 
metabolic disorders 
Danila Cianciosi1, Yasmany Armas Diaz1, Giuseppe Grosso2,  
José L Quiles3,4,5, Francesca Giampieri1,4 and Maurizio Battino1,4,6   

Metabolic syndrome (MetS), obesity, and diabetes mellitus (DM) 
are the most common metabolic disorders (MDs) in the world, 
characterized by abnormalities in body’s metabolic processes. 
The typical diagnosis of MDs is usually executed by monitoring 
the levels of specific biochemical markers, but diagnostic 
imaging may provide valuable complementary information in 
MDs, offering advantages in diagnosis, target organ monitoring, 
follow-up, and development of new therapeutic approaches. 
The aim of this review is to summarize and discuss the studies 
published in the literature about the connection between 
images deriving from the diagnostic techniques and the key 
biochemical markers in the main MDs, in order to gain a 
comprehensive view of the different disorders. 
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Introduction 
Metabolic disorders (MDs) are different medical condi-
tions characterized by abnormalities in body’s metabolic 
process. In MDs, one or more of these metabolic processes 
may be impaired, leading to a wide range of symptoms and 
complications. MDs may involve disturbances in carbohy-
drate, lipid, protein, mineral, or nucleic acid metabolism. 
Metabolic syndrome (MetS), obesity, and diabetes mellitus 
(DM) are the most common widespread pathologies re-
lated with nutrition, that can affect both children and 
adults in developing and developed countries. They can be 
caused by inherited genetic defects, enzyme abnormalities, 
impairments in the transport of molecules, or other factors 
that interfere with normal metabolic pathways. These 
MDs can be congenital or can develop later in life due to 
environmental factors, diet, or other risk factors. MDs can 
affect several body systems and organs, including nervous, 
cardiovascular, and musculoskeletal systems, together with 
liver, pancreas, kidneys, and many others [1]. 

The typical diagnosis of MDs often involves laboratory 
tests to measure the levels of specific metabolites, the 
so-called biochemical markers, genetic analyses to 
identify genetic mutations, or functional tests to evaluate 
body’s ability to carry out specific metabolic pathways  
[2]. Diagnostic imaging techniques, alongside biochem-
ical marker monitoring, could provide valuable com-
plementary information in MDs, offering numerous 
advantages in diagnosis, monitoring, follow-up, and de-
velopment of new therapeutic approaches. Evaluating 
the association between imaging and biochemical mar-
kers can be extremely helpful in randomly identifying 
unexpected target organs, early detecting the severity or 
worsening of MDs, and measuring significant complica-
tions for subsequent treatment [3]. 

Computed tomography (CT), magnetic resonance (MR) 
imaging (MRI) or spectroscopy (MRS) X-rays, dual-energy 
X-ray (DXA), echocardiography, positron emission tomo-
graphy, ultrasound (US), nuclear magnetic resonance, and 
single-photon emission computed tomography are the 
main potential diagnostic imaging techniques [4]. 

The aim of this review is to present the principal recent 
scientific articles, from the last 5 years about the 
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connection between images deriving from diagnostic 
techniques and the key biochemical markers in the main 
MDs with the aim of offering a complete overview and 
reinforce the concept that the combination of different 
medical information could be an excellent tool to pro-
vide a more complete and detailed view of these com-
plex disorders. 

The role of diet in metabolic disorders 
An increased intake of energy-rich foods is considered a 
significant risk factor for the onset of MDs. Various 
studies have indeed demonstrated that the adoption of 
diets characterized by high consumption of sugars and/or 
fats can induce MetS, obesity, dyslipidemia, and insulin 
resistance [5]. 

The mechanisms underlying the pathogenesis are not 
yet fully understood, although, in recent years, the role 
of intestinal microbiota has emerged [6]. Overall, it has 
been observed that an unbalanced diet in terms of both 
quality and quantity, characterized by excessive con-
sumption of ultraprocessed foods, sugary drinks, sweet-
eners, high-fat products, and a low intake of vegetables, 
fruits, cereals, and fish, can contribute to the develop-
ment of chronic systemic inflammation that is the basis 
of MD pathogenesis. [7]. Diet plays a fundamental role 
not only in the onset but also in the management of 
MDs: in fact, the choice of specific foods and the control 
of dietary habits can positively impact the progression of 
these disorders [8]. 

In recent years, various observational and intervention 
clinical studies have been conducted to evaluate how 
different diets, primarily categorized as Western diet and 
Mediterranean Diet (MedD), can influence the onset, 
severity, and management of these MDs. 

Among the most recent and significant studies related to 
MetS, in a clinical trial involving 70 adolescent girls 
(average age 14 years), the acute effect of MedD has been 
investigated for 12 weeks. The results showed that in the 
intervention group, there was a significant decrease in 
weight, body mass index (BMI), and waist circumference, 
as well as systolic blood pressure (SBP). Metabolic 
changes were also observed, including a reduction in 
fasting blood glucose, triglycerides (TG), low-density li-
poprotein (LDL), and a significant increase in high-den-
sity lipoprotein (HDL). Additionally, a reduction in some 
inflammation markers, such as interleukin-6 and C-re-
active protein (CRP), was noted [9]. Similarly, in another 
study involving 124 patients (with an average age of 
around 50 years) affected by MetS, the effects of the 
MedD or a standard low-fat diet for 12 months were 
measured on the key parameters of MetS, such as SBP 
and fasting plasma glucose, and HDL levels. The pa-
tients who followed the MedD showed a more significant 

improvement of these parameters [10]. Another clinical 
trial involving 70 obese women with MetS (aged 20–50 
years) evaluated the effects of a low-carbohydrate diet 
(42–45% carbohydrates and 35–40% fats) followed for 3 
months, against a standard weight-loss diet (52–55% car-
bohydrates and 25–30% fats), both with the same per-
centage of protein intake. The low-carbohydrate diet led 
to a more significant reduction in weight, BMI, waist 
circumference, and blood TG levels, as well as an in-
crease in HDL levels compared with the other diet [11]. 

Regarding obesity, an interesting recent study investigated 
the effect of MedD compared with a regular diet in 82 
subjects (average age 43 years) for 8 weeks. The results 
showed that in subjects who followed the MedD, there 
was a significant reduction in plasma cholesterol levels and 
a notable change in the intestinal microbiota composition, 
associated with a decrease in systemic inflammation and a 
reduction in insulin resistance and bile acid levels [12]. In 
general, there are various studies correlating the adherence 
to a healthy and balanced diet in obese subjects, showing 
that a significant intake of fruits and vegetables, such as the 
MedD suggests, improves many parameters associated 
with obesity, such as reduction of weight, BMI, and all 
biochemical markers associated with this condition [13]. A 
recent study, instead, compared the effect of the MedD 
alternated over time (8 weeks for each one) with a vegan 
diet in the same 62 obese subjects and observed that 
during the vegan diet period, there was a greater weight 
reduction and improvement in lipid concentration and in-
sulin sensitivity [14]. 

The management of diabetes through diet is a crucial 
aspect in the care of this disease. A recent study com-
pared the effects of a 12-week ketogenic diet and a 
MedD in 40 prediabetic and type-2 diabetes mellitus 
(T2DM) subjects. The results demonstrated that HbA1c 
levels decreased similarly in both diets, while the re-
duction in TG levels was greater in subjects who fol-
lowed the ketogenic diet, along with lower levels of 
LDL and weight, and a more pronounced increase in 
HDL levels [15]. An interesting clinical trial conducted 
on 253 prediabetic adults aged 25–60 compared the ef-
fects of three different types of diets (MedD and two 
Chinese diets, one with a high intake of vegetables and 
another with low intake) for 6 months. A greater weight 
loss in subjects who followed both the MedD and the 
Chinese diet with a high plant intake, while no sig-
nificant differences were found among the three groups 
regarding fasting blood glucose and insulin levels [16]. 

Metabolic syndrome 
MetS is a complex condition involving multiple organs 
and systems: it is characterized by a combination of 
different risk factors, including abdominal obesity, hy-
pertension, high blood sugar, high TG, and HDL 
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cholesterol levels [17]. It increases the likelihood of 
developing cardiovascular diseases (CVDs), T2DM, and 
other related conditions [17]. Diagnosis follows specific 
criteria from the International Diabetes Federation, re-
quiring at least three risk factors, with central obesity 
being mandatory and two others published elsewhere  
[18]: diagnostic imaging techniques can aid in its diag-
nosis and follow-up [19]. 

One of the target organs of MetS is the cardiovascular 
system, since it is associated with an increased risk of 
atherosclerosis, hypertension, and coronary heart disease  
[20]. An interesting study evaluated the correlation be-
tween MetS and its classical blood biochemical markers 
with calcification of the abdominal aorta (AAC), which is 
usually asymptomatic and is discovered incidentally 
during imaging studies. This retrospective observational 
study included 2731 participants and evaluated AAC 
through DXA. A high correlation between the β-values of 
the AAC and HDL (odds ratio [OR]= 8.1, p = 0.047) was 
found [21]. Carotid intima media thickness (CIMT) is a 
measure used to assess the health of the carotid arteries, 
which is also associated with atherosclerosis processes 
with increased risk of CVDs and stroke or coronary heart 
disease. The measurement is often done through high- 
resolution US. In a recent study carried out on 862 ado-
lescents, the increased CIMT (assessed by US) was clo-
sely correlated with a low amount of HDL (OR=2.98, 
p = 0.001) and with a high concentration of TG (OR=1.95, 
p = 0.051) in the blood. The predictive value of this re-
lationship could help predict the risk of establishing MetS 
in adolescents with elevated CIMT values [22]. 

Adipose tissue plays a key role in MetS and is con-
sidered one of its target organs. Pathological changes in 
adipose tissue contribute to insulin resistance, in-
flammation, dyslipidemia, and other factors, increasing 
the risk of CVDs and T2DM. Understanding, evalu-
ating, and managing adipose tissue are crucial in MetS 
prevention and treatment [23]. The assessment of ab-
dominal periaortic fat and of the renal sinus fats could be 
similarly important in MetS. In a recent study, obese and 
nonobese subjects with and without a diagnosis of MetS 
underwent CT for the evaluation of these two compo-
nents of visceral fat. The results showed a direct corre-
lation between these fats and higher amounts of 
cholesterol, TG, as well as with aspartate amino-
transferase (AST), alanine transaminase (ALT), and 
CRP [24]. In another observational study, intra-abdom-
inal visceral fat was measured by US in 423 adolescents 
and was found to have a significant association with the 
diagnosis of MetS (p = 0.037), as well as with different 
biochemical parameters, such as low-plasma HDL 
(p = 0.034) and high TG levels (p = 0.012) [25]. 

MetS can have a significant impact also on liver health, 
being characterized by alterations in lipid and carbohydrate 

metabolism, which can adversely affect liver function. One 
of the most common hepatic manifestations of MetS is 
nonalcoholic fatty liver disease [26]. Three different liver 
quantitative parameters were analyzed from US images 
(n = 394 patients) and were compared with different bio-
chemical parameters, resulting to be statistically correlated 
with high TG, LDL, ALT, and low HDL, giving a pre-
dictive meaning to this diagnostic imaging technique [27]. 

Moreover, MetS can increase the risk of developing 
pancreatic disorders such as pancreatitis and T2DM, 
since the accumulation of visceral fat can interfere with 
normal pancreatic function. The determination of pan-
creatic shear wave measurement (SWM) through US 
elastography, which allows to measure tissue stiffness, 
could be useful in the diagnosis of MetS [28]. In a study 
involving 125 patients with or without pancreatic stea-
tosis, SWM was found to be positively correlated not 
only with high levels of pancreatic and hepatic steatosis, 
but also with the diagnosis of MetS and associated bio-
chemical parameters, including TG levels (coefficient of 
correlation [cc]= 0.437, p = 0.000) [29]. 

Osteoarthritis is a degenerative joint disease that causes 
the deterioration of articular cartilage. Although it is 
primarily a joint disease, metabolic factors associated 
with MetS may contribute to the structural changes 
found in osteoarthritis [30]. Through MRI and X-ray, 
images were acquired in a study involving 435 partici-
pants for the evaluation of bone and cartilaginous 
structural abnormalities. Low HDL levels were asso-
ciated with medial tibial loss (β = −0.21, confidence in-
terval [CI]= 95%) and size of the spinal cord lesion 
(β = 1.65, CI=95%), which was also statistically asso-
ciated with hypertriglyceridemia (β = 1.43, 
CI=95%) [31]. 

Table 1 summarizes the studies described above. 

In conclusion, it can be stated that a broader future ap-
plication of the combination of diagnostic imaging and 
biochemical parameters in patients with MetS could offer 
numerous advantages to both patients and physicians, 
albeit accompanied by some disadvantages. Specifically, 
for patients, this association may help to accurately 
identify MetS, enabling timely initiation of targeted 
personalized treatment. Early management of MetS helps 
to prevent or slow the development of serious complica-
tions such as T2DM, CVDs, and hypertension. The dis-
advantages for patients are the potential high economic 
costs and the fact that some diagnostic imaging tests may 
be uncomfortable or invasive. 

For physicians, this association certainly leads to a more 
accurate and comprehensive diagnosis, along with spe-
cific monitoring, while one of the main disadvantages for 
medical personnel is undoubtedly the complexity, as 
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managing MetS requires a thorough understanding of its 
various manifestations, which often overlap with other 
conditions, necessitating interdisciplinary collaboration 
among physicians from different specialties. 

Obesity 
Obesity is an excessive accumulation of body fat com-
pared with lean mass, caused by different factors such as 
excessive caloric intake, sedentary lifestyle, genetics, 
and environmental influences. At metabolic level, obe-
sity can be characterized by a reduced sensitivity to in-
sulin, that can lead to high blood sugar levels, T2DM, 
and other MDs [32]. The main biochemical markers to 
monitor obesity include lipid profile, CRP, glucose, in-
sulin, leptin, and adiponectin. Obesity, too, can affect 
different organs, increasing the risk of developing sev-
eral medical complications and conditions [33]. 

In obesity, adipose tissue is the main organ involved. The 
excessive accumulation of fat can occur in different areas of 
the body, especially in the abdomen, hips, and thighs [34]. 
In a study involving 167 volunteers, serum leptin levels 
were significantly correlated with subcutaneous (cc=0.823, 
p = 0.001), visceral (cc=0.703, p = 0.001), and abdominal fat 
(cc=0.831, p = 0.001) from images obtained through MRI  
[35]. Similarly, in a population of 76 volunteers, 13 of whom 
were obese, TG levels were found to be correlated with 
abdominal fat (r = 0.445, p  <  0.00), visceral fat (r = 0.592, 
p  <  0.00), and subcutaneous fat (r = 0.340, p  <  0.05) 
measured with MRI and MRS. HDL levels were also cor-
related to these three types of fat showing indices of 
r = −0.453, r = −0.484, and r = −0.386 respectively, all with 
p  <  0.00 [36]. 

Hepatic steatosis is also a crucial condition in obese 
subjects, a risk factor for the onset of non-alcoholic fatty 
liver disease especially in children and adolescents [37]. 
A high association between hepatic steatosis, diagnosed 
by US, and various biochemical markers, was observed 
in 177 children, 100 of whom were obese. Hepatic 
steatosis was found to be correlated with serum levels of 
HDL (OR=0.96, CI=95%), TG (OR=1.005, CI=95%), 
AST (OR=1.03, CI=95%), ALT (OR=1.03, CI=95%), 
and TG-glucose index (OR=4.047, CI=95%) [38]. 

Obesity is a significant risk factor for cardiovascular is-
sues, such as atherosclerosis, heart failure, and excessive 
production of pro-inflammatory cytokine from adipose 
tissue [39]. In 319 obese subjects, a clear correlation was 
demonstrated between the left ventricular ejection 
fraction (LVEF), measured by echocardiography, and 
hypoadiponectinemia (r = 0.60, p = 0.001) [40]. Similarly, 
in 50 patients, a strong positive correlation was observed 
between chemerin and some cardiac parameters mea-
sured by echography and US, such as CIMT (r = 0.404, 
p = 0.050), systolic thickness of the media (r = 0.492, 
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p = 0.015), and diastolic thickness (r = 0.620, p = 0.001). 
These three parameters also showed a correlation with 
the ratio between chemerin/adiponectin with values of 
r = 0.447, p = 0.025 and r = 0.480, p = 0.015, respectively, 
for these two parameters [41]. 

Accumulating evidence demonstrates that there are some 
functions of the central nervous system that could be af-
fected by obesity [42]. In this regard, a recent study in-
volving 171 elderly participants found that cognitive 
functions in obese (specifically the volume of the hippo-
campus observed through MRI) were negatively associated 
with leptin levels (r = −2.60, p = 0.045) [43]. Similarly in an 
elderly population of 748 people, gray matter volume, 
observed by MRI, was negatively associated with some 
metabolic parameters, such as leptin, hemoglobin A1c 
(HbA1c), CRP, and BMI and positively with adiponectin 
(single statistical correlation data n.d) [44]. 

The studies described above are summarized in Table 2. 

Based on the findings from the analyzed studies, the as-
sociation between diagnostic imaging and biochemical 
parameters in obese patients offers advantages and dis-
advantages similar to those observed in MetS. Specifically, 
the combined use of this clinical information is significantly 
helpful in personalized treatment, as a better under-
standing of adipose tissue distribution along with the as-
sociated evaluation of biomarkers allows obese patients to 
receive personalized treatment for weight management 
and metabolic health improvement. Another advantage is 
the rapid assessment of possible complications, especially 
at the cardiovascular level, through the evaluation of visc-
eral fat. Among the disadvantages for patients, there are 
the same ones mentioned in the paragraph on MetS. For 
physicians, once again, the most significant disadvantage is 
the need for a multidisciplinary approach to the combined 
evaluation of the obtained results. 

Diabetes 
DM is a MD characterized by hyperglycemia due to 
insulin production defects or insufficient action. DM 
types include type-1 diabetes mellitus (T1DM), T2DM, 
and gestational diabetes mellitus. There are several 
biochemical markers that are used to diagnose and 
monitor diabetes, including blood sugar, HbA1c, and 
lipid profile. Diabetes can cause several long-term 
complications, including CVDs, kidney and pancreas 
disease, neuropathies, retinopathies, foot, dental and 
bone problems, and more. Adequate control of blood 
parameters, together with careful management of related 
risk factors, with the help of diagnostic imaging, could be 
essential to prevent or delay these complications [45]. 

People with diabetes have a higher incidence of CVDs 
than the general population [46]. In a study involving 50 

patients with DM (< 60 years), two different parameters 
obtained through US images of carotid artery plaques 
and of its neovascularization were correlated with serum 
levels of HbA1c (cc=0.565, p = 0.000; cc=0.563, 
p  <  0.001; cc=0.472, p  <  0.005) and blood glucose (cc 
0.467, p = 0.001; cc=0.458, p = 0.002; cc=0.264, p = 
0.076) [47]. 

Myocardial fibrosis is a cardiovascular complication that 
can occur in DM patients. In a study involving 84 
T2DM patients, HbA1c levels were predictive of this 
hypertrophic cardiomyopathy, being to be positively 
correlated with the severity of myocardial fibrosis as-
sessed by cardiac MR (OR=2.00, p = 0.014) [48]. Again, 
at the myocardial level, a ventricular dyssynchrony 
status, monitored by echocardiography, was correlated 
with serum levels of HbA1c (OR=2.21, p  <  0.05) and 
CRP (OR=2.09, p  <  0.05) in 91 patients with T2DM  
[49]. In a large study involving 1654 participants, 354 of 
whom were DM patients (type 1 and 2), the value of 
AAC obtained by DXA was positively correlated with 
the TG-glucose index (OR=1.08, p = 0.127) [50]. 

Excessive body fat is a risk factor for several MDs in-
cluding diabetes [51]. One study observed that the 
thickness of intra-abdominal (peritoneal and sub-
cutaneous) fat detected with US imaging could be a 
predictor of insulin resistance, since it turned out to be 
positively correlated in 399 participants to various serum 
biochemical parameters. Specifically, peritoneal fat 
thickness was found to be related to fasting serum in-
sulin levels (cc=0.39, p  <  0.005), TG (cc=0.21, 
p  <  0.005), and HDL (cc=−0.30, p  <  0.005). The 
thickness of skin fat was similarly correlated to the same 
previous parameters with the following values: cc= 0.27, 
p  <  0.005, cc= 0.35, p  <  0.005, and cc= −0.28, p  <  0.005 
and of LDL, respectively (cc=0.19, p  <  0.05) [52]. Ad-
ditionally, the volume of visceral adipose tissue, assessed 
by CT, in 75 women with prediabetes or T2DM (> 45 
years), was found to be correlated with the levels of TG 
(cc=0.309, p = 0.007), HDL (cc=−0.335, p = 0.003), and 
fasting blood glucose (cc=0.292, p = 0.011) [53]. 

The main target organ of diabetes is the pancreas [54]. 
In a recent study involving 50 children with T1DM, 
pancreatic stiffness measured by US fibroscan correlated 
with % HbA1c (r = 0.301, p = 0.03), fasting C-peptide 
levels (r = - 0.542, p  <  0.001), LDL (r = 0.533, 
p  <  0.001), and cholesterol (r = 0.596, p  <  0.001) [55]. 

Diabetic nephropathy is a common complication of diabetes 
and a major cause of chronic kidney disease [56]. In a study 
involving 57 patients with T2DM, microstructural measures 
of the kidneys measured with MRI and expressed as the 
apparent diffusion coefficient were positively correlated 
with the levels of HbA1c (r = 0.414, p  <  0.000) and blood 
glucose (r = 0.417, p  <  0.000) [57]. 
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Diabetes has been associated also with an increased risk 
of developing cognitive problems and dementia. People 
with diabetes may have a higher risk of cognitive decline, 
memory impairment, and problems in concentrating or 
performing complex mental tasks [58]. A study involving 
614 patients with T2DM observed that gray matter vo-
lume, measured by MRI, was negatively associated with 
plasma glucose levels (β = −0.053, p  <  0.04) [59]. 

The studies described above are summarized in Table 3. 

In conclusion, regarding diabetes, the association be-
tween diagnostic imaging and biochemical parameters, in 
addition to the general advantages and disadvantages 
mentioned for other MDs, offers a significant advantage, 
especially for the patients, in preventing complications 
such as cardiac problems, neuropathies, and retinopathies. 

Conclusions, limitations, and future remarks 
MDs are a diverse and complex group of diseases af-
fecting body’s metabolic process. The severity, the age 
of onset, and target organs make diagnosis and man-
agement challenging. This review highlights that com-
bining diagnostic imaging techniques with classic 
biochemical markers offers detailed information on af-
fected organs, can detect complications early, prevent 
further damage, and aid in developing new therapies. 
The studies on MetS, obesity, and DM found significant 
correlation between parameters from various diagnostic 
imaging techniques and classic biochemical markers 
specific for these MDs. This provides a starting point to 
potentially standardize parameters for diagnosing, mon-
itoring, and following up on MDs in the future. 

In this field, the main limitations include 

(i) variability in biochemical markers and images, af-
fecting result accuracy: indeed, there is in-
traindividual variability, as an individual’s biological 
response can vary over time, and the levels of cer-
tain biochemical markers can be influenced by 
various nonpathological factors. There is also in-
terindividual variability: people may exhibit sig-
nificant variations in their levels of biochemical 
markers due to genetic factors, age, lifestyle, and 
the presence of preexisting medical conditions. 
Diagnostic images can also be subjected to varia-
bility due to factors such as equipment quality, 
imaging technique, patient positioning, and op-
erator expertise.  

(ii) cost and complexity in conducting studies with both 
parameters: the management and interpretation of 
data from both types of tests require specialized 
personnel, such as laboratory technicians, radi-
ologists, and highly qualified healthcare profes-
sionals. The training and compensation of this 

personnel contribute to the overall study costs. 
Additionally, coordinating the collection of bio-
chemical samples, conducting diagnostic analyses, 
and integrating data require thorough planning and 
careful organization. The processing and analysis of 
data from various sources necessitate sophisticated 
computer platforms and can escalate data manage-
ment costs. 

(iii) small sample sizes may lack representativeness or sta-
tistical power: when sample sizes are small, there is a 
risk that the composition of the sample may not ac-
curately reflect the diversity present in the reference 
population. This can compromise the representative-
ness of the obtained results. In smaller samples, 
random variability can have a significant impact. A 
limited number of participants can lead to results that 
are more susceptible to random effects, affecting the 
validity and generalizability of studies. The reduced 
sample size limits the statistical power of the study, 
that is, the ability to detect significant differences, if 
present. This can compromise the study’s ability to 
draw robust and generalizable conclusions.  

(iv) uncontrolled confounding effects in the study: 
confounding occurs when an external factor influ-
ences both the independent variable (biochemical 
markers and diagnostic analyses) and the depen-
dent variable (study outcomes), generating a spur-
ious or distorted association between them.  

(v) noncausal relationships between markers and 
images may require further investigation: in-
tegrating detailed clinical data and information 
about the participants’ health status can help dis-
tinguish between casual correlations and actual 
causal relationships.  

(vi) publication bias may influence available literature: if 
studies with positive results are more likely to be 
published, the scientific literature may present a 
distorted and misleading picture of the actual asso-
ciation between biochemical markers and diagnostic 
analyses. This can lead to an overestimation of the 
real effect. The adoption of transparent research 
practices and the promotion of an open scientific 
culture are essential to reduce this type of bias. 

Though few studies have focused on the correlation 
between imaging parameters and biochemical markers 
in MDs, it is a growing research field. Advancements in 
technology and artificial intelligence integration may 
drive more future research. This could enhance our 
understanding of MD pathogenesis and lead to new 
diagnostic and therapeutic approaches. 

Data Availability 

No data were used for the research described in the ar-
ticle. 

8 Food Chemistry & Biochemistry  

www.sciencedirect.com Current Opinion in Food Science 2024, 55:101109 



Declaration of Competing Interest 

The authors declare that they have no known competing 
financial interests or personal relationships that could 
have appeared to influence the work reported in this 
paper. 

References and recommended reading 
Papers of particular interest, published within the period of review, have 
been highlighted as:  

•• of special interest  
•• of outstanding interest  

1. Grundy SM, Hansen B, Smith SC Jr, Cleeman JI, Kahn RA: 
American Heart Association; National Heart, Lung, and Blood 
Institute; American Diabetes Association. Clinical management 
of metabolic syndrome: report of the American Heart 
Association/National Heart, Lung, and Blood Institute/ 
American Diabetes Association conference on scientific issues 
related to management. Arterioscler Thromb Vasc Biol 2004, 
24:e19-e24. 

2. Guerrero RB, Salazar D, Tanpaiboon P: Laboratory diagnostic 
approaches in metabolic disorders. Ann Transl Med 2018, 6:470. 

3. Kim SR, Lerman LO: Diagnostic imaging in the management of 
patients with metabolic syndrome. Transl Res 2018, 194:1-18. 

4. Hussain S, Mubeen I, Ullah N, Shah SSUD, Khan BA, Zahoor M, 
Ullah R, Khan FA, Sultan MA: Modern diagnostic imaging 
technique applications and risk factors in the medical field: a 
review. Biomed Res Int 2022, 6:5164970(2022). 

5. Stanhope KL: Sugar consumption, metabolic disease and 
obesity: the state of the controversy. Crit Rev Clin Lab Sci 2016, 
53:52-67. 

6. Hur KY, Lee MS: Gut microbiota and metabolic disorders. 
Diabetes Metab J 2015, 39:198-203. 

7. Clemente-Suárez VJ, Beltrán-Velasco AI, Redondo-Flórez L, 
Martín-Rodríguez A, Tornero-Aguilera JF: Global impacts of 
western diet and its effects on metabolism and health: a 
narrative review. Nutrients 2023, 15:2749. 

8. Li B, Tang X, Le G: Dietary habits and metabolic health. Nutrients 
2023, 15:3975. 

9. Asoudeh F, Fallah M, Aminianfar A, Djafarian K, Shirzad N, Clark 
CCT, Larijani B, Esmaillzadeh A: The effect of Mediterranean diet 
on inflammatory biomarkers and components of metabolic 
syndrome in adolescent. J Endocrinol Invest 2023, 46:1995-2004. 

10. Pavić E, Hadžiabdić MO, Mucalo I, Martinis I, Romić Ž, Božikov V, 
Rahelić D: Effect of the Mediterranean diet in combination with 
exercise on metabolic syndrome parameters: 1-year 
randomized controlled trial. Int J Vitam Nutr Res 2019, 
89:132-143. 

11. Mousavi SM, Ejtahed HS, Marvasti FE, Taghavi M, Siadat SD, 
Hasani-Ranjbar S, Larijani B, Esmaillzadeh A: The effect of a 
moderately restricted carbohydrate diet on cardiometabolic 
risk factors in overweight and obese women with metabolic 
syndrome: a randomized controlled trial. Clin Ther 2023, 
45:e103-e114. 

12. Meslier V, Laiola M, Roager HM, De Filippis F, Roume H, Quinquis 
B, Giacco R, Mennella I, Ferracane R, Pons N, Pasolli E, Rivellese 
A, Dragsted LO, Vitaglione P, Ehrlich SD, Ercolini D: 
Mediterranean diet intervention in overweight and obese 
subjects lowers plasma cholesterol and causes changes in the 
gut microbiome and metabolome independently of energy 
intake. Gut 2020, 69:1258-1268. 

13. Muscogiuri G, Verde L, Sulu C, Katsiki N, Hassapidou M, Frias- 
Toral E, Cucalón G, Pazderska A, Yumuk VD, Colao A, Barrea L: 
Mediterranean diet and obesity-related disorders: what is the 
evidence? Curr Obes Rep 2022, 11:287-304. 

14. Barnard ND, Alwarith J, Rembert E, Brandon L, Nguyen M, Goergen 
A, Horne T, do Nascimento GF, Lakkadi K, Tura A, Holubkov R, 
Kahleova H: A Mediterranean diet and low-fat vegan diet to 
improve body weight and cardiometabolic risk factors: a 
randomized, cross-over trial. J Am Nutr Assoc 2022, 41:127-139. 

15. Gardner CD, Landry MJ, Perelman D, Petlura C, Durand LR, 
Aronica L, Crimarco A, Cunanan KM, Chang A, Dant CC, Robinson 
JL, Kim SH: Effect of a ketogenic diet versus Mediterranean diet 
on glycated hemoglobin in individuals with prediabetes and 
type 2 diabetes mellitus: the interventional Keto-Med 
randomized crossover trial. Am J Clin Nutr 2022, 116:640-652. 

16. Luo Y, Wang J, Sun L, Gu W, Zong G, Song B, Shen C, Zhou P, 
Chen Y, Wu Y, Lin H, Zheng H, Ni M, Yang X, Chen Y, Xu X, Zhang 
J, Shi J, Zhang R, Hu J, Hou H, Lu L, Xu X, Liang L, Liu R, Liu X, Li 
H, Hong J, Wang W, Lin X, Ning G: Isocaloric-restricted 
Mediterranean diet and Chinese diets high or low in plants in 
adults with prediabetes. J Clin Endocrinol Metab 2022, 
107:2216-2227. 

17.
•

Litwin M, Kułaga Z: Obesity, metabolic syndrome, and primary 
hypertension. Pedia Nephrol 2021, 36:825-837. 

The authors excellently describe the metabolic syndrome and all the 
complications associated with it. 

18.
••

American Diabetes Association: 2. Classification and diagnosis 
of diabetes: standards of medical care in diabetes-2021. 
Diabetes Care 2021, 44:S15-S33. 

In this reference all detailed parameters for diagnosis of metabolic 
syndrome are described. 

19. Han W, Chuang KH, Chang YT, Olivo M, Velan SS, Bhakoo K, 
Townsend D, Radda GK: Imaging metabolic syndrome. EMBO 
Mol Med 2010, 2:196-210. 

20. Tune JD, Goodwill AG, Sassoon DJ, Mather KJ: Cardiovascular 
consequences of metabolic syndrome. Transl Res 2017, 
183:57-70. 

21.
•

Yang SW, Yang HF, Chen YY, Chen WL: Unraveling the link 
between metabolic syndrome and abdominal aortic 
calcification. Nutr Metab Cardiovasc Dis 2021, 31:464-471. 

The authors demonstrate in a large population the association between 
abdominal aortic calcification and HDL levels. 

22. Valizadeh M, Tasdighi E, Barzin M, Hariri R, Mahdavi M, Dehghan 
P, Momeni Moghaddam A, Azizi F, Hosseinpanah F: Association 
of childhood metabolic syndrome and metabolic phenotypes 
with the carotid intima-media thickness (CIMT) in early 
adulthood: Tehran lipid and glucose study. Int J Cardiol 2022, 
348:128-133. 

23. Kahn CR, Wang G, Lee KY: Altered adipose tissue and adipocyte 
function in the pathogenesis of metabolic syndrome. J Clin 
Invest 2019, 129:3990-4000. 

24. Lee EJ, Cho NJ, Kim H, Nam B, Jeon JS, Noh H, Han DC, Kim SH, 
Kwon SH: Abdominal periaortic and renal sinus fat attenuation 
indices measured on computed tomography are associated 
with metabolic syndrome. Eur Radio 2022, 32:395-404. 

25. Novais RLR, Café ACC, Morais AA, Bila WC, Santos GDDS, Lopes 
CAO, Belo VS, Romano MCC, Lamounier JA: Intra-abdominal fat 
measurement by ultrasonography: association with 
anthropometry and metabolic syndrome in adolescents. J 
Pedia (Rio J) 2019, 95:342-349. 

26. Dietrich P, Hellerbrand C: Non-alcoholic fatty liver disease, 
obesity and the metabolic syndrome. Best Pract Res Clin 
Gastroenterol 2014, 28:637-653. 

27. Liao YY, Yeh CK, Huang KC, Tsui PH, Yang KC: Metabolic 
characteristics of a novel ultrasound quantitative diagnostic 
index for nonalcoholic fatty liver disease. Sci Rep 2019, 9:7922. 

28. Kota SK, Krishna SV, Lakhtakia S, Modi KD: Metabolic 
pancreatitis: etiopathogenesis and management. Indian J 
Endocrinol Metab 2013, 17:799-805. 

29. Sezgin O, Yaraş S, Özdoğan O: Pancreatic steatosis is 
associated with both metabolic syndrome and pancreatic 
stiffness detected by ultrasound elastography. Dig Dis Sci 2022, 
67:293-304. 

Imaging and biomarkers in metabolic disorders Cianciosi et al. 9 

www.sciencedirect.com Current Opinion in Food Science 2024, 55:101109 



30. Courties A, Berenbaum F, Sellam J: The phenotypic approach to 
osteoarthritis: a look at metabolic syndrome-associated 
osteoarthritis. Jt Bone Spine 2019, 86:725-730. 

31. Pan F, Tian J, Mattap SM, Cicuttini F, Jones G: Association 
between metabolic syndrome and knee structural change on 
MRI. Rheumatology 2020, 59:185-193. 

32. World Health Organization, Global health observatory, (https:// 
www.who.int/health-topics/obesity#tab=tab_1). 

33. Ellulu MS, Patimah I, Khaza’ai H, Rahmat A, Abed Y: Obesity and 
inflammation: the linking mechanism and the complications. 
Arch Med Sci 2017, 13:851-863. 

34. Fuster JJ, Ouchi N, Gokce N, Walsh K: Obesity-induced changes 
in adipose tissue microenvironment and their impact on 
cardiovascular disease. Circ Res 2016, 118:1786-1807. 

35. Hijjawi NS, Al-Radaideh AM, Al-Fayomi KI, Nimer NA, Alabadi HA, 
Al-Zu’bi RM, Agraib LM, Allehdan SS, Tayyem RF: Relationship of 
serum leptin with some biochemical, anthropometric 
parameters and abdominal fat volumes as measured by 
magnetic resonance imaging. Diabetes Metab Syndr 2018, 
12:207-213. 

36. Htun KT, Pan J, Pasanta D, Tungjai M, Udomtanakunchai C, 
Petcharoen T, Chamta N, Kosicharoen S, Chukua K, Lai C, Kothan 
S: Advanced molecular imaging (MRI/MRS/1H NMR) for 
metabolic information in young adults with health risk obesity. 
Life 2021, 11:1035. 

37. Fabbrini E, Sullivan S, Klein S: Obesity and nonalcoholic fatty 
liver disease: biochemical, metabolic, and clinical implications. 
Hepatology 2010, 51:679-689. 

38.
•

Simental-Mendía LE, Ortega-Pacheco CJ, García-Guerrero E, 
Sicsik-Aragón MA, Guerrero-Romero F, Martínez-Aguilar G: The 
triglycerides and glucose index is strongly associated with 
hepatic steatosis in children with overweight or obesity. Eur J 
Pedia 2021, 180:1755-1760. 

The authors demonstrate the association of several biochemical mar-
kers with hepatic steatosis in obese children. 

39. Van Gaal LF, Mertens IL, De Block CE: Mechanisms linking 
obesity with cardiovascular disease. Nature 2006, 444:875-880. 

40. Di Chiara T, Tuttolomondo A, Parrinello G, Colomba D, Pinto A, 
Scaglione R: Obesity related changes in cardiac structure and 
function: role of blood pressure and metabolic abnormalities. 
Acta Cardiol 2020, 75:413-420. 

41.
•

Onofrei VA, Zamfir CL, Anisie E, Ceasovschih A, Constantin M, Mitu 
F, Adam CA, Grigorescu ED, Petroaie AD, Timofte D: 
Determinants of arterial stiffness in patients with morbid 
obesity. The role of echocardiography and carotid ultrasound 
imaging. Medicina 2023, 59:428. 

The authors demonstrate the association of several cardiac imaging 
parameters with chemerin and adiponectin levels. 

42. O’Brien PD, Hinder LM, Callaghan BC, Feldman EL: Neurological 
consequences of obesity. Lancet Neurol 2017, 16:465-477. 

43. Ha J, Kwak S, Kim KY, Kim H, Cho SY, Kim M, Lee JY, Kim E: 
Relationship between adipokines, cognition, and brain 
structures in old age depending on obesity. J Gerontol A Biol Sci 
Med Sci 2023, 78:120-128. 

44. Beyer F, Kharabian Masouleh S, Kratzsch J, Schroeter ML, Röhr S, 
Riedel-Heller SG, Villringer A, Witte AV: A metabolic obesity 
profile is associated with decreased gray matter volume in 
cognitively healthy older adults. Front Aging Neurosci 2019, 
11:202. 

45. Schuster DP, Duvuuri V: Diabetes mellitus. Clin Podiatr Med Surg 
2002, 19:79-107. 

46. Leon BM, Maddox TM: Diabetes and cardiovascular disease: 
epidemiology, biological mechanisms, treatment 
recommendations and future research. World J Diabetes 2015, 
6:1246-1258. 

47.
•

Song Y, Dang Y, Li H, Feng J, Ruan L: Relationship between 
carotid intraplaque neovascularization and haemoglobin A1c in 
diabetic patients. Clin Neurol Neurosurg 2021, 203:106515. 

The authors demonstrate the association of carotid plaques with HbA1c 
and glucose levels in diabetic patients. 

48. Gao Y, Yang ZG, Ren Y, Liu X, Jiang L, Xie LJ, Hu BY, Shen MT, Xu 
HY, Li ZL, Xia CC, Li YM, Deng LL, Deng MY, Zhou XY, Guo YK: 
Evaluation of myocardial fibrosis in diabetes with cardiac 
magnetic resonance T1-mapping: correlation with the high- 
level hemoglobin A1c. Diabetes Res Clin Pr 2019, 150:72-80. 

49. Mahfouz RA, Seaoud EA, Elbelbesy RA, Shehata IE: Resting left 
ventricular dyssynchrony and mechanical reserve in 
asymptomatic normotensive subjects with early type 2 
diabetes mellitus. Pulse 2020, 8:47-56. 

50. Chen Y, Chang Z, Zhao Y, Liu Y, Fu J, Zhang Y, Liu Y, Fan Z: 
Association between the triglyceride-glucose index and 
abdominal aortic calcification in adults: a cross-sectional 
study. Nutr Metab Cardiovasc Dis 2021, 31:2068-2076. 

51. Gómez-Ambrosi J, Silva C, Galofré JC, Escalada J, Santos S, Gil 
MJ, Valentí V, Rotellar F, Ramírez B, Salvador J, Frühbeck G: Body 
adiposity and type 2 diabetes: increased risk with a high body 
fat percentage even having a normal BMI. Obesity 2011, 
19:1439-1444, https://doi.org/10.1038/oby.2011.36 Epub 2011 
Mar 10. PMID: 21394093. 

52. Bi X, Loo YT, Henry CJ: Ultrasound measurement of 
intraabdominal fat thickness as a predictor of insulin 
resistance and low HDL cholesterol in Asians. Nutrition 2018, 
56:99-103. 

53.
•

Yi W, Kim K, Im M, Ryang S, Kim EH, Kim M, Jeon YK, Kim SS, Kim 
BH, Pak K, Kim IJ, Kim SJ: Association between visceral adipose 
tissue volume, measured using computed tomography, and 
cardio-metabolic risk factors. Sci Rep 2022, 12:387. 

The authors demonstrate the association of visceral fat volume with the 
levels of several biochemical markers in diabetic patients. 

54. Meier JJ, Giese A: Diabetes associated with pancreatic 
diseases. Curr Opin Gastroenterol 2015, 31:400-406. 

55. Salah NY, Madkour SS, Soliman KS: Pancreatic shear wave 
elastography in children with type 1 diabetes: relation to 
diabetes duration, glycemic indices, fasting C-peptide and 
diabetic complications. Pedia Radio 2022, 52:2348-2358. 

56. Sagoo MK, Gnudi L: Diabetic nephropathy: an overview. 
Methods Mol Biol 2020, 2067:3-7. 

57. Zheng SS, He YM, Lu J: Noninvasive evaluation of diabetic 
patients with high fasting blood glucose using DWI and BOLD 
MRI. Abdom Radiol 2021, 46:1659-1669. 

58. Zilliox LA, Chadrasekaran K, Kwan JY, Russell JW: Diabetes and 
cognitive impairment. Curr Diab Rep 2016, 16:87. 

59. Bryan RN, Bilello M, Davatzikos C, Lazar RM, Murray A, Horowitz K, 
Lovato J, Miller ME, Williamson J, Launer LJ: Effect of diabetes on 
brain structure: the action to control cardiovascular risk in 
diabetes MR imaging baseline data. Radiology 2014, 
272:210-216.  

10 Food Chemistry & Biochemistry  

www.sciencedirect.com Current Opinion in Food Science 2024, 55:101109 


	Association between diagnostic imaging and biochemical markers: a possible tool for monitoring metabolic disorders
	Introduction
	The role of diet in metabolic disorders
	Metabolic syndrome
	Obesity
	Diabetes
	Conclusions, limitations, and future remarks
	Data Availability
	Declaration of Competing Interest
	References and recommended reading




