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intervention study
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Zamtira Seman2, Abqariyah Yahya3 and
Mohd Fairulnizal Md Noh1

1Institute for Medical Research, National Institutes of Health, Ministry of Health Malaysia, Selangor,
Shah Alam, Malaysia, 2Sector for Biostatistics and Data Repository, National Institutes of Health,
Ministry of Health Malaysia, Selangor, Shah Alam, Malaysia, 3Department of Social and Preventive
Medicine, Faculty of Medicine, Universiti Malaya, Kuala Lumpur, Malaysia
Background: Visceral adiposity is closely linked with cardiometabolic disorders,

but evidence on the extent of visceral fat loss required for significant

improvement in cardiometabolic markers remains limited. This study aims to

investigate the association between visceral fat area (VFA) reductions and

improvements in cardiometabol ic markers fol lowing a 3-month

dietary intervention.

Methods: A total of 175 adults with overweight and obesity were involved in this

non-randomized controlled trial. Data on sociodemographic, anthropometric,

body composition and biochemistry were collected at baseline and after 3

months of intervention. The multiple logistic regression analysis was

conducted to determine the association between VFA loss (no loss, < 5% loss,

and ≥ 5% loss) and improvement in cardiometabolic markers. For each

cardiometabolic marker, an improvement surpassing the minimum threshold

of the third tertile was classified as a good improvement.

Results: Compared to those with no VFA loss, participants with VFA loss of ≥ 5%

were significantly associated with a higher improvement in waist circumference

(OR 2.97, 95% CI 1.16-7.64), high-density lipoprotein cholesterol (HDL-C) (OR

4.19, 95% CI 1.58-11.14), triglycerides (OR 3.01, 95% CI 1.14-7.92), and glycated

hemoglobin (HbA1C) (OR 2.95, 95% CI 1.12-7.79). Other than that, those with <

5% VFA loss were 3.6 times more likely to have a higher improvement in HDL-C

compared to those with no VFA loss (OR 4.08, 95% CI 1.36-12.22).
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Conclusion: This study found that the magnitude of VFA loss is an independent

determinant of improvements in cardiometabolic markers and should be set as a

clear target when designing obesity prevention programs.
KEYWORDS

visceral fat area, visceral adiposity, cardiometabolic markers, lipid profiles, insulin
resistance, intermittent fasting
1 Introduction

Over the past two decades, there has been an increase in the

prevalence of cardiovascular diseases (CVD) andmetabolic conditions

such as hypertension (1), type 2 diabetes (2), hyperlipidemia (3),

ischemic heart disease (4), and metabolic syndrome (5). While

mortality rates from CVD showed a decreasing trend in high-

income countries, recent evidence indicates a potential plateau in

these declines (6). As a result, CVDs remain the leading cause of death

and early morbidity worldwide (6), which is responsible for nearly

30% of all global deaths (7).

Visceral adiposity is strongly associated with cardiometabolic

diseases, underscoring relationship between excess visceral fat and

increased cardiometabolic risk (8, 9). The Framingham Heart Study

indicated a significant positive relationship between abdominal

adiposity and CVD risk factors (10). Excess adipose tissue, especially

visceral fat, increases insulin resistance by releasing free fatty acids and

hormones that disrupt insulin signaling (11), and is also metabolically

active, promoting systemic low-grade inflammation. This occurs via

the secretion of pro-inflammatory cytokines, which ultimately damage

blood vessels and contribute to atherosclerosis, a major risk factor for

CVD (12). Visceral adiposity was evaluated using multiple

approaches, including imaging techniques such as computed

tomography (CT) and dual-energy X-ray absorptiometry (DEXA),

both of which are widely regarded as accurate and reliable methods for

measuring visceral fat area (VFA). Alongside direct imaging, surrogate

markers like waist circumference, waist-to-hip ratio, and waist-to-

height ratio were utilized to provide indirect estimates of visceral fat.

Dietary intervention, irrespective of the practices employed, has

been demonstrated as a principal strategy for visceral fat reduction

(13). Intermittent fasting (IF) is a dietary regime that involves

temporal eating restrictions, with popular methods such as time-

restricted feeding, the 5:2 diet, and alternate-day fasting (14).

Emerging evidence suggests that effective IF regimes “flip” a

“metabolic switch” that triggers a series of lipid metabolism and

fat mobilization processes (15), which ultimately improves body

composition- particularly visceral fat and reduces cardiometabolic

risk markers (16, 17). Although studies have shown improvements

in visceral fat with IF interventions, data on the effects of 5:2 dry IF

on this parameter remain limited. Dry IF, defined as a complete fast

without any food or fluid intake (18), is commonly practiced by

Muslims during the month of Ramadan.
02
Since visceral fat is known to contribute to the development of

cardiometabolic diseases, reducing it is significantly associated with

improvements in cardiometabolic markers such as blood pressure,

lipid profiles, glycated hemoglobin (HbA1C), and insulin resistance

(19–21). However, the amount of visceral fat reduction needed to

achieve these marker improvements is still unclear. Therefore, the

primary aim of this study was to determine the extent of VFA loss

needed to observe significant improvements in cardiometabolic

markers after three months of dietary intervention. Additionally,

we examined the association between VFA and cardiometabolic

markers in adults with overweight and obesity at baseline.
2 Materials and methods

2.1 Study design and participants

This study analyzed data from a dietary intervention conducted

between 2020 and 2021 among civil servants with overweight and

obesity. Details on the study design and protocol have been

published elsewhere (16). Briefly, this non-randomized controlled

study included a total of 177 participants with overweight or

obesity. Participants aged 19 to 59 years with a BMI of ≥23 kg/m²

(classified as overweight or obese) who were willing to participate in

the intervention (determined through a readiness screening) and

provided informed consent were enrolled. The exclusion criteria

were as follows: (1) recent involvement in weight loss programs

(e.g., intermittent fasting, dietary or physical activity changes aimed

at weight reduction); (2) presence of an eating disorder; (3)

diagnosis of diabetes, hypertension, or other metabolic conditions

(on medication); (4) use of any medications or supplements that

could impact study outcomes; (5) pregnancy; and (6) insufficient

capacity or language skills to follow the protocol independently.

Participants were divided into two intervention groups: the

combined Intermittent Fasting and Healthy Plate (IFHP) group and

the Healthy Plate (HP) group. The study had two phases: a

supervised phase (first 3 months) and an unsupervised phase (3–

6 months). During the supervised phase, participants in the IFHP

group practiced dry fasting from dawn to dusk two days a week

(Mondays and Thursdays) and followed the HP guidelines on the

remaining days. On fasting days, they were encouraged to have a

meal before dawn, after which no food or drink was permitted until
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sunset (approximately 13 hours) (22). Participants in the HP group

were instructed to follow the HP guidelines daily, which involved a

portion control method where their plate was divided into quarters

—one-quarter for protein, one-quarter for complex carbohydrates,

and half for fruits and vegetables (23). Although they were

encouraged to apply the HP concept to all three main meals per

day, adherence was considered met if they applied it to at least one

main meal daily. Adherence to dietary protocols was monitored by

trained research assistants through a daily photo record of one meal

and a weekly fasting log.

Changes in VFA within and between the intervention groups

have been reported and discussed in a separate publication (16). A

significant reduction in VFA was observed among participants in

the IFHP group after 12 weeks, whereas no such change was noted

in the HP group. However, as the between-group difference in VFA

change was not statistically significant, data from both intervention

groups were pooled for the analyses presented in this paper.

This study received approval from the Medical Research and Ethics

Committee,MinistryofHealthMalaysia (NMRR-19-3261-51726). Itwas

conducted in full compliancewith the latest revisionof theDeclarationof

Helsinki and the InternationalCouncil forHarmonisationGuidelines for

Good Clinical Practice. Prior to recruitment, all participants were

thoroughly informed about the potential risks of the study, and written

informed consent was obtained. This study is registered with

ClinicalTrials.gov (NCT05034653).
2.2 Anthropometric and body composition
assessment

Body weight and height were measured using a Seca electronic

scale (Seca GmbH and Co KG) to the nearest 0.1 kg and 0.1 cm,

respectively. Participants wore light clothing and removed outer

garments and shoes for accurate weight measurement. BMI was

calculated as weight (kg) divided by height squared (m²). Waist

circumference was measured with a Seca tape (Seca GmbH and Co

KG) to the nearest 0.1 cm, at the midpoint between the top of the

iliac crest and the lower edge of the last rib, with participants

standing. Two measurements were taken for each parameter, and

the average was recorded to ensure accuracy.

VFA and other body composition parameters were assessed

using an InBody 770 bioimpedance analyzer (BIA, Biospace). Age,

height, weight, and sex were entered, and participants, standing

barefoot, held the device handles with their thumbs and palms in

contact with the electrodes. The device used eight electrodes: two on

each thumb, palm, front foot, and back foot. The analysis, which

measured body composition using proprietary algorithms built into

the device, was completed in approximately two minutes.
2.3 Cardiometabolic markers assessment

Participants were required to fast overnight for eight to 10 hours

before blood collection. Medical officers collected approximately 15

ml of fasting venous blood from each participant for biochemical
Frontiers in Endocrinology 03
tests, including fasting blood glucose, HbA1C, fasting insulin, and a

fasting lipid profile [triglycerides, total cholesterol, high-density

lipoprotein cholesterol (HDL-C), and low-density lipoprotein

cholesterol (LDL-C). Blood samples were processed within two

hours, with serum or plasma aliquots stored at −20°C until analysis.

HbA1C was measured by ion exchange high-performance

liquid chromatography (Tosoh G8 HPLC analyzer) following

National Glycohemoglobin Standardization Program Guidelines.

Fasting plasma glucose, triglycerides, total cholesterol, HDL-C, and

LDL-C were analyzed using an automated biochemistry analyzer

(Dirui CS-400) with reagents from Dirui.

Fasting insulin was measured using Tosoh AIA-360 automated

immunoassay analyzer. Insulin resistance was assessed using HOMA-

IR (Homeostasis Model Assessment of Insulin Resistance) in this

study. HOMA-IR was calculated using fasting insulin and fasting

glucose levels. The formula is:

Fasting Insulin (mU=mL) x Fasting Glucose (mmol=L)
22:5

Blood pressure was measured with an automated upper arm

device (Omron Automated Blood Pressure Monitor; HEM 7130).

Participants were seated with their arm supported at heart level

following 5 minutes of rest. Two measurements were taken, and the

average of the readings was calculated to minimize potential

measurement errors.
2.4 Statistical analyses

Statistical analysis was conducted using the Statistical Package

for the Social Science (SPSS) software (version 25; IBM Corp). The

Kolmogorov-Smirnov test was used to assess the normality of

continuous variables. Data with a normal distribution were

presented as mean and standard deviation (SD), while skewed

data were summarized as median and interquartile range (IQR).

Logistic regression analysis was conducted to investigate both

associations in this study. In the assessment of the relationship

between VFA and cardiometabolic markers at baseline, a median

VFA of 166 cm² was utilized as the cutoff to classify individuals into

low (VFA < 166 cm²) and high (VFA ≥ 166 cm²) categories. For the

analysis of the relationship between VFA loss and improvements in

cardiometabolic markers, VFA loss was categorized as no loss (VFA

gain, no change, or 2% or less loss), less than 5% loss (VFA loss

between 2% and 5%), and 5% or more loss. For each cardiometabolic

outcome, a change exceeding the minimum value of the third tertile

was deemed a significant improvement. All statistical tests were

conducted as two-sided, with a significance level established at 0.05.
3 Results

3.1 Participants’ characteristics

A total of 175 participants (82.9% female, 17.1% male), were

included in the analysis. The majority of the participants were
frontiersin.org
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Malays (n=139, 79.4%), with a mean age of 34.19 years (SD 7.37).

Of the participants, 68.6% (n=120) had secondary education as their

highest education level, followed by tertiary (n=32, 18.3%) and

primary (n=23, 13.1% (Table 1).
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3.2 Association between VFA and
cardiometabolic markers at baseline

Table 2 presents the results of simple and multiple logistic

regression analyses exploring the relationship between VFA and

cardiometabolic markers. Model 1 is unadjusted, while Model 2

controlled for age, race, sex, intervention group, highest education

level, and physical activity. Significant associations were identified

between VFA and waist circumference, HDL-C, fasting insulin,

fasting plasma glucose, and HOMA-IR. Participants with high VFA

had significantly higher odds of having a larger waist circumference

compared to those with low VFA [Adjusted odds ratio (AOR) 1.30,

95% CI 1.20-1.41]. Furthermore, participants in the high VFA

group were 1.1, 2.2, and 1.4 times more likely to exhibit elevated

levels of fasting insulin (AOR 1.10, 95% CI 1.04-1.17), fasting

plasma glucose (AOR 2.21, 95% CI 1.04-4.67), and HOMA-IR

(AOR 1.42, 95% CI 1.15-1.77), respectively, compared to those in

the low VFA group. Moreover, those with high VFA were 92% less

likely to have elevated HDL-C levels than those with low VFA

(AOR 0.08, 95% CI 0.02-0.40) (Table 2).
3.3 Association between VFA changes and
improvement in cardiometabolic markers
after three months

Table 3 presents the results of stepwise logistic regression

analysis, assessing how different categories of VFA reduction

impact improvements in cardiometabolic markers after three

months. Model 1 is unadjusted, Model 2 adjusts for age, race, sex,

intervention group, and highest education level, while Model 3

includes additional adjustments for physical activity.

A significant association was observed between waist

circumference improvement and ≥5% VFA loss across all three

models. While the strength of this association slightly decreased

after adjusting for confounding factors, it remained significant.

Participants with a VFA loss of 5% or more were 3 times more

likely to experience high improvement in waist circumference

compared to those with no VFA loss (AOR 2.97, 95% CI 1.16-7.64).

In contrast, the strongest associations were found in the final

models linking HDL-C improvement to both VFA loss categories

(<5% and ≥5% VFA loss). Participants with a VFA loss of <5% had

4.1 times higher odds of achieving significant HDL-C improvement

(AOR 4.08, 95% CI 1.36-12.22), while those with a VFA loss of ≥5%

had 4.2 times higher odds (AOR 4.19, 95% CI 1.58-11.14),

compared to those with no VFA loss.

A significant association between triglyceride improvement and

a VFA loss of 5% or more was observed only after adjusting for

confounders, and the association became stronger following

additional adjustments for physical activity in Model 3.

Participants with a VFA loss of ≥5% were 3 times more likely to

achieve high triglyceride improvement compared to those with no

VFA loss (AOR 3.01, 95% CI 1.14-7.92).

The association between a VFA loss of ≥5% and HbA1C

improvement became significant only in Model 3, after adjusting
TABLE 1 Characteristics of study participants at baseline

Characteristics Total n=175

Age (years), mean (SD) 34.19 (7.37)

Sex, n (%)

Male 30 (17.1)

Female 145 (82.9)

Ethnicity, n (%)

Malay 139 (79.4)

Non-Malay 36 (20.6)

Intervention groups, n (%)

IFHP 91 (52.0)

HP 84 (48.0)

Highest education status, n (%)

Primary 23 (13.1)

Secondary 120 (68.6)

Tertiary 32 (18.3)

Anthropometric, mean (SD)

WC (cm) 92.32 (11.07)

VFA (cm2) 166.52 (40.44)

Lipid profiles (mmol/L)

TC, mean (SD) 5.33 (0.98)

LDL-C, mean (SD) 4.02 (0.97)

HDL-C, mean (SD) 1.41 (0.24)

TG (mmol/L), median (IQR) 1.05 (0.78)

Metabolic

Insulin (mIU/L), median (IQR) 11.00 (9.00)

HOMA-IR, median (IQR) 2.45 (2.08)

FPG (mmol/L), median (IQR) 4.94 (0.57)

HbA1c (%), median (IQR) 5.50 (0.50)

Blood pressure (mmHg)

SBP, mean (SD) 114.93 (13.29)

DBP, mean (SD) 79.38 (13.00)

Physical activity (MET-min/week),
median (IQR)

636.00 (726.00)
DBP, Diastolic blood pressure; FPG, Fasting plasma glucose; HbA1C, Glycated haemoglobin;
HDL-C, High-density lipoprotein cholesterol; HOMA-IR, Homeostatic Model Assessment for
Insulin Resistance; HP, Healthy Plate; IFHP, Intermittent Fasting Healthy Plate; IQR,
Interquartile Range; LDL-C, Low-density lipoprotein cholesterol; MET, Metabolic
equivalent of task; SBP, Systolic blood pressure; SD, Standard deviation; TC, Total
cholesterol; TG, Triglyceride; VFA, Visceral fat area; WC, Waist circumference.
Bolded values indicate variable names.
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TABLE 2 Association between VFA and cardiometabolic markers at baseline.

VFA Model 1a OR (95% CI) Model 2b AOR (95% CI)

Waist circumference

Low VFA Reference

High VFA 1.12 (1.08-1.17)** 1.30 (1.20-1.41)**

Total cholesterol

Low VFA Reference

High VFA 0.95 (0.70-1.29) 1.00 (0.71-1.42)

LDL-C

Low VFA Reference

High VFA 1.04 (0.77-1.41) 1.19 (0.83-1.69)

HDL-C

Low VFA Reference

High VFA 0.32 (0.09-1.15) 0.08 (0.02-0.40)*

Triglycerides

Low VFA Reference

High VFA 0.75 (0.48-1.15) 1.16 (0.70-1.93)

Fasting insulin

Low VFA Reference

High VFA 1.09 (1.04-1.15)** 1.10 (1.04-1.17)**

Fasting plasma glucose

Low VFA Reference

High VFA 1.79 (1.02-3.15)* 2.21 (1.04-4.67)*

HbA1c

Low VFA Reference

High VFA 1.51 (0.90-2.52) 1.50 (0.85-2.84)

HOMA-IR

Low VFA Reference

High VFA 1.36 (1.12-1.66)* 1.42 (1.15-1.77)*

Systolic blood pressure

Low VFA Reference

High VFA 1.00 (0.98-1.03) 1.03 (1.00-1.06)

Diastolic blood pressure

Low VFA Reference

High VFA 1.01 (0.98-1.04) 1.03 (0.99-1.07)
F
rontiers in Endocrinology
 05
*p<0.05, **p<0.001.
aUnadjusted model.
bAdjusted for age, sex (male or female), race (Malay, or non-Malay), intervention group (IFHP or HP), highest education status (primary, secondary or tertiary), and physical activity (MET-
min/week).
95% CI, 95% confidence interval; AOR, Adjusted odds ratio; HbA1C, Glycated haemoglobin; HDL-C, High-density lipoprotein cholesterol; HOMA-IR, Homeostatic Model Assessment for
Insulin Resistance; LDL-C, Low-density lipoprotein cholesterol; OR, Odds ratio; VFA, Visceral fat area.
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for all confounders. Participants with a VFA loss of ≥5% had 3.0

times higher odds of having significant HbA1C improvement after

3 months compared to those with no VFA loss (AOR 2.95, 95% CI

1.12-7.79). However, no significant associations were found

between VFA changes and improvements in total cholesterol,

LDL-C, fasting insulin, fasting plasma glucose, HOMA-IR,

systolic blood pressure, or diastolic blood pressure (Table 3).
4 Discussion

Our study explored the relationships between VFA and various

cardiometabolic markers, including waist circumference, lipid

profiles, glucose parameters, insulin resistance, and blood

pressure, both at baseline and after three months. At baseline,

VFA was significantly associated with waist circumference, HDL-C,

fasting insulin, fasting plasma glucose, and HOMA-IR. Following

three months of dietary interventions, a VFA loss of 5% or more

was significantly linked to greater improvements in waist

circumference, HDL-C, triglycerides, and HbA1C. Additionally,

even a VFA reduction of less than 5% showed a significant

association with higher improvements in HDL-C.

There was a major gender disparity among participants in our

study (82.9% female vs. 17.1% male), which could be attributed to

several factors. Women are often subjected to greater pressure

regarding body image and are more likely to internalize weight-

related stigma, motivating them to lose weight through obesity

prevention programs. Additionally, women tend to visit healthcare

providers more frequently than men, increasing their healthcare

interactions and facilitating participation in such programs. In

contrast, men often downplay weight-related health concerns.

They are less likely to perceive themselves as overweight or at

risk, even when they meet the criteria for obesity, leading to lower

engagement in weight management programs (24, 25). According

to the 6th Edition Clinical Practice Guideline Management of

Dyslipidemia 2023, the triglycerides and HDL-C levels of our

participants were within normal range, while the mean total

cholesterol and LDL-C levels exceeded the recommended cut-off

values of > 5.2 mmol/L and >3.0 mmol/L, respectively (26). Blood

pressure measurements of the participants were within the normal

values (27).

Waist circumference is widely recognized as a useful and

practical indicator of visceral obesity (28), with numerous studies

demonstrating a strong correlation between the two (29, 30),

confirming the finding of our study. Although waist-to-hip ratio

(WHR) was initially favored as an indicator of abdominal obesity

and linked with increased risk of cardiometabolic diseases (31), later

evidence indicated that waist circumference alone has a stronger

association with the absolute amount of intra-abdominal or visceral

fat - the fat depot that poses the greatest health risk (32, 33).

Our study found that HDL-C was significantly associated with

VFA, aligned with the findings from previous studies (34–36). In

contrast to subcutaneous fat, visceral adipose tissues are

metabolically active and sensitive to lipolysis, which can affect

HDL-C directly and indirectly. The lipolysis of white adipose
Frontiers in Endocrinology 06
tissue releases large amounts of free fatty acids (FFAs) into the

bloodstream, causing an influx of FFAs to the liver via the portal

vein and stimulate the hepatic synthesis and production of very-

low-density lipoprotein (VLDL) (37). These VLDL particles, which

are triglyceride-rich lipoprotein, may reduce HDL-C levels by

increasing the transfer of triglycerides to HDL, which in turn are

hydrolyzed by hepatic lipase (38). Indirectly, elevated FFAs could

lead to insulin resistance (39) and modify cholesteryl ester transfer

protein (CETP) activity (40), which have significant roles in HDL

metabolism. Insulin resistance impairs HDL synthesis and function,

while increased CETP activity promotes the transfer of cholesteryl

esters from HDL to other lipoproteins, reducing HDL-C levels (38).

The improvement in HDL-C was evident with a reduction in

VFA of at least 2% from baseline, achieved within a relatively short

period of 12 weeks. Our finding contrasts with a study conducted

among postmenopausal Japanese women with obesity who followed

the Kagawa Nutrition University Diet, where a significant increase

in HDL-C was only observed after 105 weeks (19). A previous study

suggested that tissue levels of lipoprotein lipase could decrease by

50-80% during acute caloric restriction (41), supporting our results.

Lipoprotein lipase is an enzyme that responsible for the hydrolysis

of triglycerides in chylomicron and VLDL, releasing surface

components that aid in the formation and maturation of HDL

particles. However, our findings need to be interpreted cautiously

due to high variability as reflected in the wide confidence interval.

Increased visceral adiposity has been shown to be an

independent risk factor for higher triglycerides (42, 43). Excess

VFA contributes to fat dysfunction and chronic low-level

inflammation, which are key mechanisms underlying

dyslipidemia. This dysfunction is partly driven by the secretion of

monocyte chemoattract protein-1 (MCP-1) by adipocytes, which

induce macrophages infiltration into the adipose tissue and cause

the release of inflammatory cytokines such as tumour necrosis

factor (TNF)-a and interleukins 6 (44). However, our study showed

no baseline association between VFA level and triglycerides,

contrasting with earlier studies (34, 45). Interestingly, we

discovered that reducing VFA by 5% and more led to significant

improvement in triglycerides. The finding aligns with a study

investigating the effect of longitudinal changes in VFA on

metabolic risk factors in Japanese men (20). Although this study

did not demonstrate such effects, the positive changes are likely

attributable to the improvement in inflammation following the

reduction in visceral adiposity. In obese individuals, the reduction

of body fat mass, particularly visceral fat, improves mitochondrial

function in adipocytes and lowers cytokines production, playing a

vital role in the management of the inflammatory response (46).

A study conducted among Asian Indians found that visceral fat,

but not subcutaneous fat, was significantly associated with glucose

tolerance and insulin resistance (47), consistent with findings from

our study and a recent study among U.S. adults (21). This

association may be explained by the direct drainage of free fatty

acids through the portal vein, which impairs liver and systemic

insulin sensitivity via the secretion of adipose-specific cytokines like

leptin and adiponectin, as well as inflammatory markers (48). To

elucidate if the differences between subcutaneous and visceral fat in
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TABLE 3 Association between VFA changes and improvement in cardiometabolic parameters after three months.

Improvement in cardiometabolic markers Model 1a OR (95% CI) Model 2b AOR (95% CI) Model 3c AOR (95% CI)

Waist circumference

No VFA loss Reference

< 5% VFA loss 1.16 (0.40-3.40) 0.84 (0.27-2.62) 0.76 (0.24-2.39)

≥ 5% VFA loss 3.69 (1.59-8.56)* 3.60 (1.45-8.94)* 2.97 (1.16-7.64)*

Total cholesterol

No VFA loss Reference

< 5% VFA loss 0.41 (0.13-1.31) 0.44 (0.13-1.49) 0.44 (0.13-1.48)

≥ 5% VFA loss 1.08 (0.47-2.46) 1.23 (0.51-3.01) 1.20 (0.48-3.00)

LDL-C

No VFA loss Reference

< 5% VFA loss 0.95 (0.35-2.62) 1.07 (0.37-3.06) 1.04 (0.36-2.99)

≥ 5% VFA loss 1.06 (0.46-2.47) 1.00 (0.41-2.42) 0.92 (0.37-2.31)

HDL-C

No VFA loss Reference

< 5% VFA loss 3.65 (1.35-9.85)* 3.84 (1.30-11.34)* 4.08 (1.36-12.22)*

≥ 5% VFA loss 3.44 (1.47-8.08)* 3.60 (1.41-9.19)* 4.19 (1.58-11.14)*

Triglycerides

No VFA loss Reference

< 5% VFA loss 2.15 (0.80-5.81) 2.09 (0.72-6.11) 2.26 (0.76-6.69)

≥ 5% VFA loss 2.33 (1.00-5.43) 2.56 (1.01-6.50)* 3.01 (1.14-7.92)*

Fasting insulin

No VFA loss Reference

< 5% VFA loss 0.60 (0.20-1.81) 0.46 (0.14-1.51) 0.46 (0.14-1.49)

≥ 5% VFA loss 1.53 (0.68-3.46) 1.55 (0.63-3.80) 1.47 (0.58-3.71)

Fasting plasma glucose

No VFA loss Reference

< 5% VFA loss 0.64 (0.21-1.92) 0.67 (0.20-2.30) 0.68 (0.20-2.34)

≥ 5% VFA loss 1.62 (0.71-3.68) 1.80 (0.68-4.74) 1.88 (0.69-5.13)

HbA1C

No VFA loss Reference

< 5% VFA loss 1.21 (0.43-3.39) 0.96 (0.33-2.86) 1.10 (0.36-3.83)

≥ 5% VFA loss 1.90 (0.82-4.41) 2.25 (0.89-5.66) 2.95 (1.12-7.79)*

HOMA-IR

No VFA loss Reference

< 5% VFA loss 0.60 (0.20-1.81) 0.64 (0.20-2.11) 0.64 (0.19-2.09)

≥ 5% VFA loss 1.53 (0.68-3.46) 1.84 (0.72-4.70) 1.78 (0.68-4.69)

Systolic blood pressure

No VFA loss Reference

(Continued)
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their relationship with glucose metabolism and insulin resistance

are due to intrinsic properties and anatomical location, Tran et al.

transplanted subcutaneous fat from donor mice into the visceral

region of recipient mice and vice versa. Their findings showed a

reduction in body weight, total fat mass, glucose levels, and insulin

levels in the group with subcutaneous fat transplanted into the

visceral cavity (49).

Although no significant association was observed between the

level of VFA and HbA1C at baseline, a loss in VFA by 5% or more

significantly improved the parameter, which became statistically

significant only after adjusting for physical activity in the final

model. Physical activity has a well-established impact on enhancing

insulin sensitivity, reducing visceral adiposity, and improving

glucose metabolism. These effects can directly influence HbA1C

levels, independent of reduction in fat (50, 51). The adjustment for

physical activity in model 3 isolates the specific effect of visceral fat

loss on HbA1C by accounting for the overlapping influence of

physical activity on both variables.

As mentioned previously, our intervention consists of

intermittent fasting and portion control (16). Fasting and portion

control are dietary approaches that have been shown to effectively

reduce visceral fat and improve cardiometabolic markers (16, 52).

Both strategies adopted calorie restriction concept, which leads to a

reduced energy intake and a negative energy balance. This state

stimulates lipolysis, preferentially targeting visceral adipose tissue

due to its greater metabolic activity. As described by Soeters et al.,

short-term fasting induces a notable shift in energy substrate

utilization, with the body reducing its reliance on carbohydrates

and increasing the use of fatty acids for energy (53). Studies on

short-term fasting has demonstrated that blood glucose drop while

whole-body lipolysis and fat oxidation markedly rise within the first

24 hours of fasting (53, 54). These changes are primarily attributed

to a decrease in plasma insulin levels, heightened sympathetic

nervous system activity, and elevated growth hormone levels (53).

Additionally, fasting and portion control have been associated with

favorable changes in lipid profiles, including reduced triglycerides,

LDL cholesterol, and increased HDL cholesterol, likely mediated by

improved hepatic lipid metabolism and reduced de novo lipogenesis
Frontiers in Endocrinology 08
(55). These findings suggest that visceral adipose tissue reduction

may play a central role in mediating the effects of these dietary

interventions on cardiometabolic markers, which warrant further

analysis. However, this lies beyond the scope of the present study.

To the best of our knowledge, this is the first study to present

VFA changes as percentages and examine their association with

improvements in cardiometabolic markers. Other than enhancing

interpretability, percentages provide a relative measure that

facilitate comparisons across datasets or studies, where initial

baselines values may vary significantly (56). Additionally, the

experimental design of this study represents the gold standard for

evaluating the direct impact of VFA reduction on cardiometabolic

health by establishing a strong association while controlling for

confounding variables, ensuring robust and reliable results.

There are several limitations to consider in this study. The small

number of male participants in our study limits the generalizability

of the findings to men. Regarding body composition assessment,

this study utilized BIA instead of the gold standard, DEXA. While

DEXA is highly precise and ideal for measuring body composition,

its application in population studies is often limited by factors such

as high cost, time requirement, radiation exposure, and lack of

portability. BIA, on the other hand, offers a more practical solution

for large-scale and population-based studies because of its

portability, speed, non-invasive nature, and cost-effectiveness.

Furthermore, research has demonstrated that BIA is valid and

reliable for body composition measurement, particularly in

population-based studies (57).

While BIA offers several advantages, it is important to recognize

its limitations in accurately differentiating between visceral adipose

tissue (VAT) and subcutaneous adipose tissue (SAT) when

compared to advanced imaging modalities such as computed

tomography (CT) and magnetic resonance imaging (MRI) (58).

BIA estimates body composition based on the electrical resistance of

tissues but lacks the precision necessary to reliably distinguish

between VAT and SAT, particularly in individuals with diverse

body compositions. Additionally, factors such as hydration status,

body size, and the specific BIA device used can affect the accuracy of

measurements, further complicating the differentiation of VAT
TABLE 3 Continued

Improvement in cardiometabolic markers Model 1a OR (95% CI) Model 2b AOR (95% CI) Model 3c AOR (95% CI)

Systolic blood pressure

< 5% VFA loss 1.91 (0.73-5.02) 1.69 (0.62-4.64) 1.76 (0.64-4.87)

≥ 5% VFA loss 1.05 (0.45-2.48) 1.02 (0.41-2.53) 1.13 (0.44-2.87)

Diastolic blood pressure

No VFA loss Reference

< 5% VFA loss 1.23 (0.46-3.32) 1.31 (0.45-3.84) 1.35 (0.46-3.97)

≥ 5% VFA loss 1.13 (0.49-2.62) 1.79 (0.70-4.56) 1.89 (0.73-4.92)
*p<0.05.
aModel 1: Unadjusted model.
bModel 2: Adjusted for age, sex (male or female), race (malay or non-malay), intervention group (IFHP or HP) and highest education status (primary, secondary or tertiary).
cModel 3: Additional adjustment for physical activity (MET-min/week).
95% CI, 95% Confidence Interval; AOR, Adjusted odds ratio; DBP, Diastolic blood pressure; FPG, Fasting plasma glucose; HbA1C, Glycated haemoglobin; HDL-C, High-density lipoprotein
cholesterol; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; LDL-C, Low-density lipoprotein cholesterol; OR, Odds ratio; SBP, Systolic blood pressure; VFA, Visceral fat area.
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from SAT. Therefore, while BIA remains a valuable tool for general

body composition screening, its limitations must be carefully

considered when interpreting results, especially in clinical or

research contexts requiring precise fat distribution assessments.

Nevertheless, BIA continues to be useful in studies with limited

resources, such as large-scale epidemiological research and

intervention trials, where estimated VAT values can still reveal

meaningful trends and associations despite some degree of

measurement imprecision. Given that VAT changes were not

objectively assessed in this study due to these constraints, we infer

that the observed reduction in body fat likely stemmed primarily

from VAT (16), due to its higher metabolic activity and pro-

inflammatory characteristics (59).
5 Conclusions

This study provides compelling evidence of the association

between VFA and key cardiometabolic markers, including waist

circumference, HDL-C, triglycerides, insulin resistance and glucose

parameters. Our findings emphasize the importance of targeting VFA

reduction in obesity management programs, as even a modest loss of

5% or more in VFAwas linked to significant metabolic benefits. These

results highlight the relevance of VFA as a critical target for

interventions aimed at improving cardiometabolic health. Future

research is needed to validate these findings across diverse

populations and to explore the mechanisms underlying the

relationship between VFA reduction and cardiometabolic

improvements. Such efforts could inform the development of more

targeted and effective obesity prevention and management strategies.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving humans were approved by Medical

Research and Ethics Committee, Ministry of Health Malaysia

(NMRR-19-3261-51726). The studies were conducted in accordance

with the local legislation and institutional requirements. The

participants provided their written informed consent to participate

in this study.
Author contributions

SA: Conceptualization, Formal Analysis, Investigation,

Methodology, Project administration, Validation, Visualization,
Frontiers in Endocrinology 09
Writing – original draft, Writing – review & editing. NA: Formal

Analysis, Validation, Visualization, Writing – review & editing. LA:

Formal Analysis, Validation, Visualization, Writing – review &

editing. RW: Conceptualization, Investigation, Methodology,

Writing – review & editing. NA: Investigation, Writing – review

& editing. NZ: Investigation, Writing – review & editing. SH:

Validation, Visualization, Writing – review & editing. NA:

Conceptualization, Investigation, Methodology, Writing – review

& editing. AO: Conceptualization, Formal Analysis, Methodology,

Validation, Visualization, Writing – review & editing. ZS:

Conceptualization, Formal Analysis, Methodology, Validation,

Visualization, Writing – review & editing. AY: Formal Analysis,

Validation, Visualization, Writing – review & editing. MM:

Conceptualization, Methodology, Writing – review & editing.
Funding

The author(s) declare that financial support was received for the

research and/or publication of this article. This research and APC was

funded by Ministry of Health Malaysia (NMRR-19-3261-51726).
Acknowledgments

The authors would like to thank the Director General Health of

Malaysia for granting permission to publish this paper. The authors

acknowledge the participants and are grateful to the study teams for

their support and contribution to this study.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fendo.2025.1576599
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Abdullah et al. 10.3389/fendo.2025.1576599
References
1. Zhou B, Carrillo-Larco RM, Danaei G, Riley LM, Paciorek CJ, Stevens GA, et al.
Worldwide trends in hypertension prevalence and progress in treatment and control
from 1990 to 2019: a pooled analysis of 1201 population-representative studies with
104 million participants. Lancet. (2021) 398:957–80. doi: 10.1016/S0140-6736(21)
01330-1

2. Khan MAB, Hashim MJ, King JK, Govender RD, Mustafa H, Al Kaabi J.
Epidemiology of type 2 diabetes - global burden of disease and forecasted trends. J
Epidemiol Glob Health. (2020) 10:107–11. doi: 10.2991/jegh.k.191028.001

3. Pirillo A, Casula M, Olmastroni E, Norata GD, Catapano AL. Global
epidemiology of dyslipidaemias. Nat Rev Cardiol. (2021) 18:689–700. doi: 10.1038/
s41569-021-00541-4

4. Khan MA, Hashim MJ, Mustafa H, Baniyas MY, Al Suwaidi S, AlKatheeri R, et al.
Global epidemiology of ischemic heart disease: results from the global burden of disease
study. Cureus. (2020) 12:e9349. doi: 10.7759/cureus.9349

5. Noubiap JJ, Nansseu JR, Lontchi-Yimagou E, Nkeck JR, Nyaga UF, Ngouo AT,
et al. Geographic distribution of metabolic syndrome and its components in the general
adult population: A meta-analysis of global data from 28 million individuals. Diabetes
Res Clin Practice. (2022) 188:109924. doi: 10.1016/j.diabres.2022.109924

6. Roth GA, Johnson C, Abajobir A, Abd-Allah F, Abera SF, Abyu G, et al. Global,
regional, and national burden of cardiovascular diseases for 10 causes, 1990 to 2015. J
Am Coll Cardiol. (2017) 70:1–25. doi: 10.1016/j.jacc.2017.04.052

7. Deaton C, Froelicher ES, Wu LH, Ho C, Shishani K, Jaarsma T. The global burden
of cardiovascular disease. Eur J Cardiovasc Nurs. (2011) 10 Suppl 2:S5–13. doi: 10.1016/
S1474-5151(11)00111-3

8. Lv C, Huo R. Association between visceral adiposity index, lipid accumulation
product and type 2 diabetes mellitus in US adults with hypertension: a cross-sectional
analysis of NHANES from 2005 to 2018. BMC Endocr Disord. (2024) 24:216.
doi: 10.1186/s12902-024-01750-x

9. Sam A, Kaja Mohideen AB, Syed Buhari MA, Ramakrishnan KK, Haritha PS.
Dual-energy computed tomography-guided assessment of visceral adiposity and its
correlation with lipid function test: A retrospective study. Cureus. (2024) 16:e69618.
doi: 10.7759/cureus.69618

10. Lee JJ, Pedley A, Hoffmann U, Massaro JM, Fox CS. Association of changes in
abdominal fat quantity and quality with incident cardiovascular disease risk factors. J
Am Coll Cardiol. (2016) 68:1509–21. doi: 10.1016/j.jacc.2016.06.067

11. Kahn SE, Hull RL, Utzschneider KM. Mechanisms linking obesity to insulin
resistance and type 2 diabetes. Nature. (2006) 444:840–6. doi: 10.1038/nature05482

12. Lumeng CN, Saltiel AR. Inflammatory links between obesity and metabolic
disease. J Clin Invest. (2011) 121:2111–7. doi: 10.1172/JCI57132

13. Shobako N, Shimada H, Yamato T, Nakazeko T, Hirano Y, Nakamura F, et al.
Visceral fat-reducing effect of novel dietary intervention program: A randomized
controlled trial in Japanese males. Nutrients. (2024) 16:3202. doi: 10.3390/nu16183202

14. Patterson RE, Sears DD. Metabolic effects of intermittent fasting. Annu Rev Nutr.
(2017) 37:371–93. doi: 10.1146/annurev-nutr-071816-064634

15. Anton SD, Moehl K, Donahoo WT, Marosi K, Lee SA, Mainous AG 3rd, et al.
Flipping the metabolic switch: understanding and applying the health benefits of
fasting. Obes (Silver Spring). (2018) 26:254–68. doi: 10.1002/oby.22065

16. Abdullah S, Azizul N, Zin R, Sulaiman N, Mustafa Khalid N, Mohd Salim R, et al.
Cardiometabolic and anthropometric outcomes of intermittent fasting among civil
servants with overweight and obesity: study protocol for a nonrandomized controlled
trial. JMIR Res Protoc (2022) 11:1-13. doi: 10.2196/33801

17. HeM,Wang J, Liang Q, LiM, Guo H,Wang Y, et al. Time-restricted eating with or
without low-carbohydrate diet reduces visceral fat and improves metabolic syndrome: A
randomized trial. Cell Rep Med. (2022) 3:100777. doi: 10.1016/j.xcrm.2022.100777

18. Nunez K. Everything you want to know about dry fasting: healthline media
(2019). Available online at: https://www.healthline.com/health/food-nutrition/dry-
fasting (Accessed January, 2025).

19. Matsuo T, Kato Y, Murotake Y, Kim MK, Unno H, Tanaka K. An increase in
high-density lipoprotein cholesterol after weight loss intervention is associated with
long-term maintenance of reduced visceral abdominal fat. Int J Obes (Lond). (2010)
34:1742–51. doi: 10.1038/ijo.2010.95

20. Matsushita Y, Nakagawa T, Yamamoto S, Takahashi Y, Yokoyama T, Mizoue T,
et al. Effect of longitudinal changes in visceral fat area and other anthropometric indices
to the changes in metabolic risk factors in Japanese men: the Hitachi Health Study.
Diabetes Care. (2012) 35:1139–43. doi: 10.2337/dc11-1320

21. Jiang K, Luan H, Pu X, Wang M, Yin J, Gong R. Association between visceral
adiposity index and insulin resistance: A cross-sectional study based on US adults.
Front Endocrinol. (2022) 13. doi: 10.3389/fendo.2022.921067

22. Teng NI, Shahar S, Rajab NF, Manaf ZA, Johari MH, NgahWZ. Improvement of
metabolic parameters in healthy older adult men following a fasting calorie restriction
intervention. Aging Male. (2013) 16:177–83. doi: 10.3109/13685538.2013.832191

23. Ministry of Health Malaysia. Malaysian dietary guidelines 2020 (2020). Available
online at: https://hq.moh.gov.my/nutrition/wp-content/uploads/2024/03/latest-01.
Buku-MDG-2020_12Mac2024.pdf (Accessed December, 2024).
Frontiers in Endocrinology 10
24. Kyle T, Pearl R. Weight stigma and gender: Common issues and differences:
Obesity Action Coalition (OAC) (2024). Available online at: https://www.obesityaction.
org/resources/weight-stigma-and-gender-common-issues-and-differences/ (Accessed
December, 2024).

25. Koceva A, Herman R, Janez A, Rakusa M, Jensterle M. Sex- and gender-related
differences in obesity: from pathophysiological mechanisms to clinical implications. Int
J Mol Sci. (2024) 25:7342. doi: 10.3390/ijms25137342

26. Ministry of Health Malaysia. Clinical practice guidelines management of
dyslipidaemia 2023 (2023). Available online at: https://www.Malaysianheart.org/
publication/clinical-practice-guidelines/p/clinical-practice-guidelines-management-of-
dyslipidaemia-2023-6th-ed (Accessed December, 2024).

27. Ministry of Health Malaysia. Clinical practice guidelines management of
hypertension (2018). Available online at: https://mpsypc.com.my/news/2018-
management-of-hypertension-5th-edition/ (Accessed December, 2024).

28. Ross R, Neeland IJ, Yamashita S, Shai I, Seidell J, Magni P, et al. Waist
circumference as a vital sign in clinical practice: a Consensus Statement from the
IAS and ICCR Working Group on Visceral Obesity. Nat Rev Endocrinol. (2020)
16:177–89. doi: 10.1038/s41574-019-0310-7

29. Gadekar T, Dudeja P, Basu I, Vashisht S, Mukherji S. Correlation of visceral
body fat with waist-hip ratio, waist circumference and body mass index in healthy
adults: A cross sectional study.Med J Armed Forces India. (2020) 76:41–6. doi: 10.1016/
j.mjafi.2017.12.001

30. Fujikawa R, Ito C, Mitama A. Association between visceral fat area and waist
circumference measured at different sites. Diabetol Int. (2012) 3:140–5. doi: 10.1007/
s13340-012-0070-2

31. Hartz AJ, Rupley DC Jr., Kalkhoff RD, Rimm AA. Relationship of obesity to
diabetes: influence of obesity level and body fat distribution. Prev Med. (1983) 12:351–
7. doi: 10.1016/0091-7435(83)90244-X

32. Snijder MB, van Dam RM, Visser M, Seidell JC. What aspects of body fat are
particularly hazardous and how do we measure them? Int J Epidemiol. (2006) 35:83–92.
doi: 10.1093/ije/dyi253

33. Neeland IJ, Ross R, Després JP, Matsuzawa Y, Yamashita S, Shai I, et al.
Visceral and ectopic fat, atherosclerosis, and cardiometabolic disease: a position
statement. Lancet Diabetes Endocrinol. (2019) 7:715–25. doi: 10.1016/S2213-8587
(19)30084-1

34. Sukkriang N, Chanprasertpinyo W, Wattanapisit A, Punsawad C, Thamrongrat
N, Sangpoom S. Correlation of body visceral fat rating with serum lipid profile and
fasting blood sugar in obese adults using a noninvasive machine. Heliyon. (2021) 7:
e06264. doi: 10.1016/j.heliyon.2021.e06264

35. Gao B, Li X, Chen W, Sa W, He J, Liu Y, et al. The associations between lipid
profiles and visceral obesity among gastrointestinal cancer patients: a cross-sectional
study. Lipids Health Disease. (2022) 21:102. doi: 10.1186/s12944-022-01707-w

36. Ruiz-Castell M, Samouda H, Bocquet V, Fagherazzi G, Stranges S, Huiart L.
Estimated visceral adiposity is associated with risk of cardiometabolic conditions in a
population based study. Sci Rep. (2021) 11:9121. doi: 10.1038/s41598-021-88587-9

37. Tchernof A, Després JP. Pathophysiology of human visceral obesity: an update.
Physiol Rev. (2013) 93:359–404. doi: 10.1152/physrev.00033.2011

38. Zhang T, Chen J, Tang X, Luo Q, Xu D, Yu B. Interaction between adipocytes
and high-density lipoprotein:new insights into the mechanism of obesity-induced
dyslipidemia and atherosclerosis. Lipids Health Disease. (2019) 18:223. doi: 10.1186/
s12944-019-1170-9

39. Sears B, Perry M. The role of fatty acids in insulin resistance. Lipids Health Dis.
(2015) 14:121. doi: 10.1186/s12944-015-0123-1

40. El Harchaoui K, van der Steeg WA, Stroes ES, Kastelein JJ. The role of CETP
inhibition in dyslipidemia. Curr Atheroscler Rep. (2007) 9:125–33. doi: 10.1007/s11883-
007-0008-5

41. Taskinen M-R, Nikkilä EA. Effects of caloric restriction on lipid metabolism in
man changes of tissue lipoprotein lipase activities and of serum lipoproteins.
Atherosclerosis. (1979) 32:289–99. doi: 10.1016/0021-9150(79)90172-2

42. Hwang YC, Fujimoto WY, Hayashi T, Kahn SE, Leonetti DL, Boyko EJ.
Increased visceral adipose tissue is an independent predictor for future development
of atherogenic dyslipidemia. J Clin Endocrinol Metab. (2016) 101:678–85. doi: 10.1210/
jc.2015-3246

43. Ibrahim MM. Subcutaneous and visceral adipose tissue: structural and
functional differences. Obes Rev . (2010) 11:11–8. doi: 10.1111/j.1467-
789X.2009.00623.x

44. Deng T, Lyon CJ, Bergin S, Caligiuri MA, Hsueh WA. Obesity, inflammation,
and cancer. Annu Rev Pathol. (2016) 11:421–49. doi: 10.1146/annurev-pathol-012615-
044359

45. Gu X, Wang X, Wang S, Shen Y, Lu L. Nonlinear association between visceral
adipose tissue area and remnant cholesterol in US adults: a cross-sectional study. Lipids
Health Dis. (2024) 23:228. doi: 10.1186/s12944-024-02211-z

46. Bianchi VE. Weight loss is a critical factor to reduce inflammation. Clin Nutr
ESPEN. (2018) 28:21–35. doi: 10.1016/j.clnesp.2018.08.007
frontiersin.org

https://doi.org/10.1016/S0140-6736(21)01330-1
https://doi.org/10.1016/S0140-6736(21)01330-1
https://doi.org/10.2991/jegh.k.191028.001
https://doi.org/10.1038/s41569-021-00541-4
https://doi.org/10.1038/s41569-021-00541-4
https://doi.org/10.7759/cureus.9349
https://doi.org/10.1016/j.diabres.2022.109924
https://doi.org/10.1016/j.jacc.2017.04.052
https://doi.org/10.1016/S1474-5151(11)00111-3
https://doi.org/10.1016/S1474-5151(11)00111-3
https://doi.org/10.1186/s12902-024-01750-x
https://doi.org/10.7759/cureus.69618
https://doi.org/10.1016/j.jacc.2016.06.067
https://doi.org/10.1038/nature05482
https://doi.org/10.1172/JCI57132
https://doi.org/10.3390/nu16183202
https://doi.org/10.1146/annurev-nutr-071816-064634
https://doi.org/10.1002/oby.22065
https://doi.org/10.2196/33801
https://doi.org/10.1016/j.xcrm.2022.100777
https://www.healthline.com/health/food-nutrition/dry-fasting
https://www.healthline.com/health/food-nutrition/dry-fasting
https://doi.org/10.1038/ijo.2010.95
https://doi.org/10.2337/dc11-1320
https://doi.org/10.3389/fendo.2022.921067
https://doi.org/10.3109/13685538.2013.832191
https://hq.moh.gov.my/nutrition/wp-content/uploads/2024/03/latest-01.Buku-MDG-2020_12Mac2024.pdf
https://hq.moh.gov.my/nutrition/wp-content/uploads/2024/03/latest-01.Buku-MDG-2020_12Mac2024.pdf
https://www.obesityaction.org/resources/weight-stigma-and-gender-common-issues-and-differences/
https://www.obesityaction.org/resources/weight-stigma-and-gender-common-issues-and-differences/
https://doi.org/10.3390/ijms25137342
https://www.Malaysianheart.org/publication/clinical-practice-guidelines/p/clinical-practice-guidelines-management-of-dyslipidaemia-2023-6th-ed
https://www.Malaysianheart.org/publication/clinical-practice-guidelines/p/clinical-practice-guidelines-management-of-dyslipidaemia-2023-6th-ed
https://www.Malaysianheart.org/publication/clinical-practice-guidelines/p/clinical-practice-guidelines-management-of-dyslipidaemia-2023-6th-ed
https://mpsypc.com.my/news/2018-management-of-hypertension-5th-edition/
https://mpsypc.com.my/news/2018-management-of-hypertension-5th-edition/
https://doi.org/10.1038/s41574-019-0310-7
https://doi.org/10.1016/j.mjafi.2017.12.001
https://doi.org/10.1016/j.mjafi.2017.12.001
https://doi.org/10.1007/s13340-012-0070-2
https://doi.org/10.1007/s13340-012-0070-2
https://doi.org/10.1016/0091-7435(83)90244-X
https://doi.org/10.1093/ije/dyi253
https://doi.org/10.1016/S2213-8587(19)30084-1
https://doi.org/10.1016/S2213-8587(19)30084-1
https://doi.org/10.1016/j.heliyon.2021.e06264
https://doi.org/10.1186/s12944-022-01707-w
https://doi.org/10.1038/s41598-021-88587-9
https://doi.org/10.1152/physrev.00033.2011
https://doi.org/10.1186/s12944-019-1170-9
https://doi.org/10.1186/s12944-019-1170-9
https://doi.org/10.1186/s12944-015-0123-1
https://doi.org/10.1007/s11883-007-0008-5
https://doi.org/10.1007/s11883-007-0008-5
https://doi.org/10.1016/0021-9150(79)90172-2
https://doi.org/10.1210/jc.2015-3246
https://doi.org/10.1210/jc.2015-3246
https://doi.org/10.1111/j.1467-789X.2009.00623.x
https://doi.org/10.1111/j.1467-789X.2009.00623.x
https://doi.org/10.1146/annurev-pathol-012615-044359
https://doi.org/10.1146/annurev-pathol-012615-044359
https://doi.org/10.1186/s12944-024-02211-z
https://doi.org/10.1016/j.clnesp.2018.08.007
https://doi.org/10.3389/fendo.2025.1576599
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Abdullah et al. 10.3389/fendo.2025.1576599
47. Indulekha K, Anjana RM, Surendar J, Mohan V. Association of visceral and
subcutaneous fat with glucose intolerance, insulin resistance, adipocytokines and
inflammatory markers in Asian Indians (CURES-113). Clin Biochem. (2011) 44:281–
7. doi: 10.1016/j.clinbiochem.2010.12.015

48. Rytka JM, Wueest S, Schoenle EJ, Konrad D. The portal theory supported by
venous drainage-selective fat transplantation. Diabetes. (2011) 60:56–63. doi: 10.2337/
db10-0697

49. Tran TT, Yamamoto Y, Gesta S, Kahn CR. Beneficial effects of subcutaneous fat
transplantation on metabolism. Cell Metab. (2008) 7:410–20. doi: 10.1016/
j.cmet.2008.04.004

50. Nishikawa K, Yagi S, Ise T, Ueda Y, Iwase I, Akaike M, et al. Visceral fat mass is
associated with daily physical activity, leg skeletal muscle mass and fiber intake in
healthy men. Eur Heart J. (2013) 34:3397. doi: 10.1093/eurheartj/eht309.P3397

51. Yu P, Meng X, Kan R, Wang Z, Yu X. Association between metabolic scores for
visceral fat and chronic kidney disease: A cross-sectional study. Front Endocrinol.
(2022) 13. doi: 10.3389/fendo.2022.1052736

52. Varady KA, Cienfuegos S, Ezpeleta M, Gabel K. Cardiometabolic benefits of
intermittent fasting. Annu Rev Nutr. (2021) 41:333–61. doi: 10.1146/annurev-nutr-
052020-041327

53. Soeters MR, Soeters PB, Schooneman MG, Houten SM, Romijn JA. Adaptive
reciprocity of lipid and glucose metabolism in human short-term starvation. Am J
Frontiers in Endocrinology 11
Phy s i o l Endo c r ino l Me tab . ( 2012 ) 303 :E1397–407 . do i : 10 . 1 152 /
ajpendo.00397.2012

54. Klein S, Sakurai Y, Romijn JA, Carroll RM. Progressive alterations in lipid and
glucose metabolism during short-term fasting in young adult men. Am J Physiol. (1993)
265:E801–6. doi: 10.1152/ajpendo.1993.265.5.E801

55. Tinsley GM, La Bounty PM. Effects of intermittent fasting on body composition
and clinical health markers in humans. Nutr Rev. (2015) 73:661–74. doi: 10.1093/
nutrit/nuv041

56. Kaplan S. Understanding absolute vs relative change in statistics [Unlock the Key
Differences] (2024). Available online at: https://enjoymachinelearning.com/blog/
absolute-vs-relative-change-in-statistics/ (Accessed December, 2024).

57. von Hurst PR, Walsh DCI, Conlon CA, Ingram M, Kruger R, Stonehouse W.
Validity and reliability of bioelectrical impedance analysis to estimate body fat
percentage against air displacement plethysmography and dual-energy X-ray
absorptiometry. Nutr Dietetics. (2016) 73:197–204. doi: 10.1111/ndi.2016.73.issue-2

58. Chaudry O, Grimm A, Friedberger A, Kemmler W, Uder M, Jakob F, et al.
Magnetic resonance imaging and bioelectrical impedance analysis to assess visceral and
abdominal adipose tissue. Obes (Silver Spring). (2020) 28:277–83. doi: 10.1002/oby.22712

59. Khawaja T, Nied M, Wilgor A, Neeland I. Impact of visceral and hepatic fat on
cardiometabolic health. Curr Cardiol Rep. (2024) 26:1297–307. doi: 10.1007/s11886-
024-02127-1
frontiersin.org

https://doi.org/10.1016/j.clinbiochem.2010.12.015
https://doi.org/10.2337/db10-0697
https://doi.org/10.2337/db10-0697
https://doi.org/10.1016/j.cmet.2008.04.004
https://doi.org/10.1016/j.cmet.2008.04.004
https://doi.org/10.1093/eurheartj/eht309.P3397
https://doi.org/10.3389/fendo.2022.1052736
https://doi.org/10.1146/annurev-nutr-052020-041327
https://doi.org/10.1146/annurev-nutr-052020-041327
https://doi.org/10.1152/ajpendo.00397.2012
https://doi.org/10.1152/ajpendo.00397.2012
https://doi.org/10.1152/ajpendo.1993.265.5.E801
https://doi.org/10.1093/nutrit/nuv041
https://doi.org/10.1093/nutrit/nuv041
https://enjoymachinelearning.com/blog/absolute-vs-relative-change-in-statistics/
https://enjoymachinelearning.com/blog/absolute-vs-relative-change-in-statistics/
https://doi.org/10.1111/ndi.2016.73.issue-2
https://doi.org/10.1002/oby.22712
https://doi.org/10.1007/s11886-024-02127-1
https://doi.org/10.1007/s11886-024-02127-1
https://doi.org/10.3389/fendo.2025.1576599
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Visceral adiposity loss is associated with improvement in cardiometabolic markers: findings from a dietary intervention study
	1 Introduction
	2 Materials and methods
	2.1 Study design and participants
	2.2 Anthropometric and body composition assessment
	2.3 Cardiometabolic markers assessment
	2.4 Statistical analyses

	3 Results
	3.1 Participants’ characteristics
	3.2 Association between VFA and cardiometabolic markers at baseline
	3.3 Association between VFA changes and improvement in cardiometabolic markers after three months

	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


