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Abstract

Background: Choline, a vital nutrient, and lipids play pivotal roles in liver function and overall metabolic homeostasis.
Magnetic resonance spectroscopy (MRS) offers a non-invasive and highly sensitive method for assessing hepatic choline and lipid
levels in vivo. This study aims to investigate the correlation between liver choline and lipid levels among young Saudi women.

Methods and Results: This cross-sectional research explored the relationship between liver choline and fat levels, employing
MRS to estimate these levels. A total of 29 healthy female students from the radiological sciences department, aged between 18
and 25 years, participated in the study. MRS scans were conducted using a 1.5 tesla Philips scanner using single volume sequence
(SVS). The SVS spectroscopy sequence used in this study indicated the presence of lipid peaks within the frequency range of 0.9-
1.2 ppm and choline peaks at 3.2 ppm. The Pearson correlation test revealed a statistically significant association between choline
and lipid levels in the liver (=0.367, P=0.025).

Conclusion: Investigating the relationship between liver lipids and choline levels is crucial for understanding liver health,
identifying metabolic dysregulation, informing diagnostic and therapeutic strategies, promoting personalized medicine, and advancing
scientific research in the field of metabolism and liver diseases.(International Journal of Biomedicine. 2024;14(3):478-483.)
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Introduction

The intricate interplay between hepatic choline and
lipid metabolism holds significant implications for metabolic
health, particularly among young Saudi women. Choline, a
vital nutrient, and lipids play pivotal roles in liver function
and overall metabolic homeostasis. However, the precise
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dynamics of choline and lipid metabolism in young females
remain understudied in Saudi literature. To address this
gap, the present study undertakes an advanced investigation
into hepatic choline and lipid profiling among young Saudi
women. Leveraging state-of-the-art Magnetic Resonance
Spectroscopy (MRS) techniques, this research endeavors to
unravel the complex metabolic dynamics underlying liver
function and their broader health implications.(®

Choline, an essential nutrient involved in phospholipid
synthesis and lipid transport, is integral to liver health.
Concurrently, lipids serve as critical energy sources and
structural components of cell membranes. Choline is
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intricately involved in various metabolic pathways essential
for liver function. Studies have elucidated the role of choline
in phospholipid synthesis, bile acid metabolism, and lipid
transport. Choline deficiency has been linked to hepatic
steatosis, liver dysfunction, and increased risk of metabolic
disorders such as non-alcoholic fatty liver disease NAFLD
among diverse populations.’-!)

Lipid profiling, including the assessment of
triglycerides, cholesterol, and fatty acids, provides valuable
insights into metabolic dysregulation and disease risk.
Research has highlighted the association between altered
lipid profiles, particularly elevated triglycerides and low-
density lipoprotein cholesterol (LDL-C), and increased risk of
kidney and cardiovascular disease, and metabolic syndrome.
Understanding the nuances of lipid metabolism is crucial for
identifying individuals at risk and implementing targeted
interventions.'>'"

Gender and ethnic disparities in metabolic health
underscore the importance of studying metabolic dynamics
among specific demographic groups, including young Saudi
women. Research has revealed unique metabolic profiles and
risk factors associated with metabolic disorders in women,
compared to men. Additionally, ethnic differences in metabolic
phenotype and genetic predisposition contribute to variations
in disease susceptibility and treatment response.'®

Alterations in lipid and choline metabolism can signify
metabolic dysregulation and may serve as early markers of
metabolic disorders, such as fatty liver disease (FLD), insulin
resistance, and cardiovascular disease. Recognizing these
metabolic abnormalities allows for early intervention and
preventive measures. The correlation between liver lipids and
choline levels can inform diagnostic and therapeutic strategies
for metabolic disorders. Biomarkers derived from lipid and
choline profiling may aid in disease diagnosis and prognosis,
and monitoring of treatment efficacy. Understanding
individual variations in lipid and choline metabolism enables
the development of personalized healthcare approaches.
Tailoring interventions based on an individual’s metabolic
profile enhances treatment outcomes and reduces the risk of
adverse effects. Insights into the relationship between lipids
and choline levels can guide nutritional strategies to optimize
liver health. Promoting dietary habits rich in choline and
healthy lipid sources may help prevent or mitigate the risk of
metabolic disorders.('*!!:16.1920

Magnetic resonance spectroscopy (MRS) offers a non-
invasive and highly sensitive method for assessing hepatic
choline and lipid levels in vivo. Recent advancements in MRS
technology have enabled precise quantification of choline-
containing compounds and lipid fractions within the liver.
Studies utilizing MRS have provided valuable insights into
the pathophysiology of metabolic disorders and the efficacy
of therapeutic interventions.?? MRS enables the visualization
of relative tissue metabolite concentrations across a two-
or three-dimensional spectrum through the chemical shift
phenomenon. In a magnetic resonance spectrum, the signal
intensity and frequency of a chemical or metabolite within
a specific voxel are plotted. MRS can quantify liver fat by
assessing lipid peaks and aid in diagnosing malignancies,

typically by evaluating the choline peak. Interpreting MRS
data necessitates specialized postprocessing software and is
limited by technical factors such as a low signal-to-noise ratio.
The application of MRS in liver assessment is an advancing
field, offering potential enhancements in the diagnostic
precision of tissue characterization when spectra are analyzed
alongside magnetic resonance images.***

Adequate choline intake, coupled with good nutrition
and regular physical exercise, plays a pivotal role in ensuring
healthy liver function and mitigating the risk of FLD.
Incorporating choline-rich foods, such as eggs, meat, fish,
and certain vegetables, into one’s diet provides the necessary
substrate for optimal liver function. Moreover, adopting a
balanced diet rich in fruits, vegetables, whole grains, and lean
proteins not only supports choline intake but also promotes
overall liver health by supplying essential vitamins, minerals,
and antioxidants. Complementing proper nutrition with regular
physical exercise further enhances liver function by improving
insulin sensitivity, promoting lipid utilization, and reducing
hepatic fat accumulation. Physical activity stimulates liver
metabolism, facilitating the breakdown and clearance of lipids
from the liver, thus reducing the FLD risk. By synergistically
combining choline intake, nutritious eating habits, and routine
exercise, individuals can safeguard their liver health, ward off
FLD, and foster overall well-being.(!*-20-22:26-30)

In summary, this study underscores the importance of
advanced assessment techniques, such as MRS, in unraveling
metabolic dynamics and their implications for health among
young Saudi women. By integrating knowledge from choline
metabolism, lipid profiling, and ethnic-specific considerations
(Saudi female volunteers), this research aims to contribute
to the understanding of metabolic health and facilitate
personalized healthcare strategies tailored to the needs of
this demographic. The investigation of the relationship
between lipids and choline levels in the liver holds significant
importance for several reasons, such as understanding liver
health because the liver is a vital organ responsible for
numerous metabolic functions, including lipid metabolism
and choline utilization. By elucidating the correlation between
lipids and choline levels, researchers gain insights into the
mechanisms underlying liver health and function.

Significance of the Study and Rationale for It

Recent years have witnessed notable shifts in lifestyle
patterns among young adults aged 18 to 25 in Saudi Arabia,
leading to an increase in the consumption of fatty products,
soft drinks, and caffeinated beverages; these dietary choices
affect amino acids and lipid levels in the liver. This study
aims to investigate the correlation between liver choline and
lipid levels among university students. Such research serves
as a foundational step in raising awareness and promoting
health education regarding the significant association between
lifestyle and liver lipids and choline fatty diseases.

Materials and Methods

This cross-sectional research explored the relationship
between liver choline and fat levels, employing MRS to
estimate these levels. A total of 29 healthy female students from
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the radiological sciences department, aged between 18 and 25
years, participated in the study. MRS scans were conducted
using a 1.5 tesla Philips scanner using single volume sequence
(SVS)(12142123) with an echo time (TE) of 30 ms, and repetition
time (TR) of 1500 ms, resulting in the liver choline and lipid
peaks depicted in Figure 1. Data confidentiality was ensured,
including collected estimated lipids and choline levels from
the magnetic resonance spectra, which tabulated in an Excel
spreadsheet for all participants.

Fig. 1. 1.5 tesla Philips scanner liver MR image and
the corresponding spectrum, SVS with TE=30 ms and
TR=1500 ms.

Statistical analysis was performed using the statistical
software package SPSS version 20.0 (SPSS Inc, Armonk,
NY: IBM Corp). Baseline characteristics were summarized
as frequencies and percentages for categorical variables and
mean =+ standard deviation (SD) for continuous variables.
Pearson’s Correlation Coefficient (r) was used to determine
the strength of the relationship between the two continuous
variables. A probability value of P<0.05 was considered
statistically significant.

Results

MRS offers exceptional visibility in detecting liver
lipids and choline levels, providing valuable insights into
hepatic metabolism and health. This non-invasive technique
allows for the precise measurement of lipid and choline
concentrations within the liver tissue, facilitating the early
detection of metabolic abnormalities and liver pathologies.
By analyzing the spectral patterns of lipids and choline, MRS
enables clinicians to assess liver health without the need for
invasive procedures, offering a safe and reliable means of
evaluating hepatic function and guiding clinical management
decisions.

In this section, we disclose the outcomes of MRS
liver spectra alongside the associated choline and lipid
measurements within the volunteers’ livers and correlate the
levels of choline and lipids in the liver using the Pearson
correlation test.

Liver Lipids and Choline Spectrum

Figure 1 displays the outcomes of the SVS spectroscopy
sequence used in this study, indicating the presence of lipid

peaks within the frequency range of 0.9-1.2 ppm and choline
peaks at 3.2 ppm. The MRI images highlight the pixels
corresponding to the choline spectrum and the estimated
choline levels.

Liver Lipids and Choline Levels Correlation Analysis Test

Table 1 outlines the liver lipid levels, estimated through
MRS for the healthy young female volunteers, as part of a
descriptive analysis of the lipids (0.13659+0.188526) and
choline (0.08279+0.191522). The Pearson correlation test
revealed a statistically significant association between choline
and lipid levels in the liver (r=0.367, P=0.025) (Table 2).

Table 1.
Liver choline and lipids descriptive analysis.
Mean SD N
Lipids 0.13659 0.188526 29
Choline 0.08279 0.191522 29
Table 2.
Pearson correlation between liver choline and lipids.
Lipids Choline
Pearson Correlation 1 0.367
Lipids Sig. (1-tailed) 0.025
N 29 29
Pearson Correlation 0.367 1
Choline Sig. (1-tailed) 0.025
N 29 29
Discussion

This research illustrates the effectiveness of MRS in
identifying low levels of choline and lipids in healthy adult
females. The choline peak is prominently observed at 3.2
ppm, while the lipid peak consistently appears within the
frequency range of 0.9-1.2 ppm for all participants. This
underscores MRS’s ability to detect trace amounts of amino
acids like choline and liver lipids. The observed spectrum and
the visibility of liver choline and lipid peaks align closely with
findings from prior studies on MRS of liver lipids and amino
acids.(12,14‘21,23)

The study data were tabulated, and descriptive analysis
was done for the estimated liver lipids and choline levels.
Pearson correlation test results suggest a statistically significant
association between choline and lipid concentrations in the
liver (r=0.367, P=0.025), emphasizing the interdependence
of these two crucial components in hepatic metabolism. Such
findings underscore the importance of considering the intricate
relationship between choline and lipids for a comprehensive
understanding of liver health and metabolic function.

Choline supports liver function by maintaining cell
membranes, aiding fat metabolism, and participating in
critical biochemical reactions. A balanced diet rich in choline
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contributes to overall liver health. For more than 50 years,
researchers have acknowledged the association between
choline deficiency and the buildup of hepatic lipids.®? This
understanding has led to the creation of choline-deficient diets
as a means to induce models of NAFLD in animal studies. In
human populations, NAFLD stands as the most dominant liver
condition globally, impacting approximately 30% of Western
and 17% of Eastern populations.©®?

Previous studies by Sherriff et al. ¥ and Sha et al.®
have indicated that inadequate choline levels and insufficient
dietary intake elevate the likelihood of developing NAFLD.
This suggests that low choline concentration could
significantly contribute to the heightened risk of NAFLD in
individuals with suboptimal choline intake from their daily
diet. Furthermore, this association may potentially aggravate
the risk of cardiovascular disease among those affected by
NAFLD. The study presented here demonstrates a correlation
between choline and liver lipids in young healthy females.
This finding aligns with these studies, suggesting that normal
liver choline levels are associated with balanced lipid levels in
healthy young individuals.

A previous study conducted by Ficher et al.!®
demonstrated that both sex and age increase the likelihood
of developing FLD when one is deprived of dietary choline.
In Ficher’s study, 77% of men and 80% of postmenopausal
women developed fatty liver or muscle damage, whereas only
44% of premenopausal women exhibited such signs of organ
dysfunction. The volunteers recruited for the current study
are exclusively premenopausal females who exhibited normal
choline levels, and no indication of increased liver fat in the
MRS liver spectrum. Although the sex dependency aspect
cannot be explored in this study due to the inclusion of only
females, the findings from Ficher’s study, coupled with the
results of the current investigation, suggest that young females
may have a reduced risk of developing fatty liver issues by
adhering to a healthy diet.

Studies by Fischbach & Bruhn,* Di Martino et al.,*¥
Caussy et al.,*9 and Jones®” have contributed significantly to
the understanding of MRS in assessing liver choline and lipid
levels. Their research has demonstrated the efficacy of MRS
in accurately estimating choline and lipid concentrations, as
well as establishing correlations between these metabolites.
Moreover, their findings have underscored the association
between low choline levels and the development of FLD.

The current study’s results align with these earlier
investigations, as evidenced by the clear separation of
choline and lipid peaks in the spectra of all volunteers. This
observation validates the robustness of MRS in discerning
between these metabolites, consistent with prior research
findings. Furthermore, the utilization of data analysis software
in the present study has facilitated accurate estimation of
choline and lipid levels, mirroring the outcomes reported in
previous studies.

In summary, the collective body of research, including
the present study, emphasizes the utility of MRS in quantifying
liver choline and lipid concentrations. These findings not only
contribute to our understanding of liver metabolism but also
have implications for the diagnosis and management of FLD.

The correlation between dietary choices, liver health,
and the development of FLD underscores the importance of
promoting balanced and nutritious eating habits among young
generations. Educating individuals about the significance of
dietary nutrients, including choline and healthy lipid sources,
can help mitigate the risk of metabolic disorders and promote
liver health. By making informed dietary choices, young
individuals can safeguard their liver function and reduce
the likelihood of developing serious diseases, ultimately
supporting their overall health and well-being.

This study’s implications extend beyond mere
academic interest; they bear profound implications for
promoting the well-being of young Saudi females. By
clarifying the complex interplay between liver lipids and
choline levels, researchers can tailor preventive measures
and treatment modalities specific to this demographic, thus
enhancing their overall health outcomes and quality of life.
Furthermore, such investigations contribute to the broader
landscape of medical research, facilitating advancements
in our understanding of liver physiology and metabolic
disorders, which in turn can inform the development of
innovative therapies and public health initiatives tailored to
the needs of young Saudi women.

Conclusion

Research into the correlation between liver lipids and
choline levels contributes to the advancement of scientific
knowledge in the fields of hepatology, nutrition, and metabolic
medicine. By uncovering novel mechanisms and pathways, this
research paves the way for innovative approaches to disease
prevention and treatment. The dietary preferences of young
generations have a profound impact on the levels of crucial
nutrients such as choline and lipids in the liver, ultimately
influencing their overall health status. The inadequate intake
or imbalance of essential nutrients can disrupt metabolic
processes, leading to adverse health outcomes, including the
development of serious conditions such as FLD. Investigating
the relationship between liver lipids and choline levels is
crucial for understanding liver health, identifying metabolic
dysregulation, informing diagnostic and therapeutic strategies,
promoting personalized medicine, and advancing scientific
research in the field of metabolism and liver diseases.
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