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Excessive visceral adipose tissue (VAT) has proven to be an efficient predictor of cardiovascular 
disease (CVD), independent of body mass index (BMI) or total body fat, and reducing visceral obesity 
is key to addressing the current epidemic of CVD. Selenium (Se) is suggested to protect against 
CVD, but a direct link between dietary Se intake and VAT levels is lacking. This study investigated 
this relationship, emphasizing the importance of expressing Se intake relative to body weight. A 
total of 3244 individuals participated in the Complex Diseases in the Newfoundland population: 
Environment and Genetics (CODING) study. Dietary Se intake was assessed using the Willett food 
frequency questionnaire (FFQ). VAT mass and VAT volume were precisely measured via dual-energy 
X-ray absorptiometry (DXA). Visceral adiposity, as indicated by VAT mass and VAT volume, decreased 
significantly across increasing quartiles of dietary Se intake (µg/kg/d) in both sexes. Compared with 
participants in the lowest quartile, those in the highest quartile had substantially lower visceral 
adiposity with reduction of 50.97% in women, and 63.75% in men, respectively. Likewise, this inverse 
dose-dependent manner was also observed when dietary Se intake was expressed as µg/d. Moreover, a 
linear negative correlation between dietary Se intake (µg/kg/d) and visceral adiposity was discovered, 
whereas no significant correlation was found if dietary Se intake was expressed as µg/d. After 
controlling for possible confounders, the linear regression analyses revealed that a 10% increase in 
dietary Se intake (µg/kg/d) was associated with 2.73% decrease in visceral adiposity. Interestingly, this 
inverse correlation remained consistent across different sex, age and menopausal status subgroups, 
with greater associations observed in males, individuals younger than 35 years old, and women in 
menopausal status. This is the first study to demonstrate a significant inverse association between 
dietary Se intake and VAT, which is exclusively evident when intake is expressed relative to body 
weight (µg/kg/d). This finding resolves prior inconsistencies and suggests that ensuring adequate 
weight-adjusted Se intake could be a valuable nutritional strategy for reducing visceral obesity and 
improving CVD prevention.
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VAT	� Visceral adipose tissue
WC	� Waist circumference
WHR	� Waist-to-hip ratio
WHO	� World health organization

Cardiovascular disease (CVD) continues to be the leading cause of death worldwide, with approximately 17.9 
million individuals dying each year; and one third of these deaths occur prematurely in people under 70 years of 
age, as estimated by the World Health Organization (WHO)1. Obesity, recognized as a major risk factor for CVD, 
has more than doubled in its age-standardized prevalence among adults aged 18 years and older, increasing from 
6.6% in 1990 to 15.8% in 20222. Growing evidence supports that the amount of fat around the internal organs 
in the abdominal cavity, also called visceral adipose tissue (VAT), has been strongly associated with greater risks 
and earlier onset of CVD than fat stored elsewhere irrespective of body mass index (BMI) or total adiposity3–5. 
This has also confirmed the notion that excess VAT is predictive of an increased CVD risk independent of BMI 
or total body fat. Thus, from an early prevention standpoint, reducing visceral obesity is key to addressing the 
current epidemic of CVD. In addition to the contribution of genetics, lifestyle habits, including nutrients from 
dietary intake, are crucial factors that affect the amount of VAT6,7.

Selenium (Se), an essential trace element, is required for encoding the unique amino acid selenocysteine 
(Sec) and subsequent biosynthesis of selenoproteins8. Se exerts its biological effects through selenoproteins and 
plays multiple roles in physiological and pathophysiological processes, such as the regulation of oxidative stress, 
inflammatory response, and proliferation and differentiation of immune cells8,9. Based on the above functions 
of Se, it has long been suggested as a protective factor for CVD10–13. Studies have shown that physiologically 
high selenium levels in the body are associated with a decreased risk for CVD incidence, with a 15% (RR = 0.85) 
decreased risk of CVD incidence per 10 µg increment in blood selenium concentration10. Furthermore, a series 
of randomized controlled trials found that long-term Se yeast (200 µg/day) and coenzyme Q10 supplementation 
increased cardiac function and reduced cardiovascular mortality, suggesting that possible mechanisms may be 
due to the protective effects of Se in reducing systemic oxidative stress and inflammation11–13.

Considering the significant role of VAT in contributing to CVD, it is noteworthy that there is currently no 
evidence to directly link dietary Se intake with VAT levels. Understanding this relationship could be crucial for 
exploring potential new mechanisms by which Se exerts its protective effects against CVD. In our previous study, 
we discovered a negative correlation between dietary Se intake and various obesity measurements, including 
weight, BMI, waist circumference (WC), waist-to-hip ratio (WHR), total body fat (BF), trunk fat (TF), android 
fat (AF), and gynoid fat (GF), and the correlations persisted in significance even after adjustments for age, 
total dietary caloric intake, and physical activity14. Given that WC and AF serve as indicators of abdominal 
fat distribution3, it is plausible to hypothesize a connection between Se intake and the accumulation of intra-
abdominal fat. Thus, in this study, we aimed to delve into the relationship between dietary Se intake and visceral 
adiposity, which may contribute to the development of more effective strategies for the early prevention of CVD.

Methods
Study population
This study constitutes a secondary analysis of the Complex Diseases in the Newfoundland population: 
Environment and Genetics (CODING) study, a cohort established and maintained by our research group. 
Eligibility of participants for the CODING study was based on the following original inclusion criteria: 1) 
≥ 19 years of age; 2) at least a third generation Newfoundlander; 3) healthy, without any serious metabolic, 
cardiovascular, or endocrine diseases; and 4) women were not pregnant at the time of the study14–16. All 
participants provided written informed consent, which explicitly authorized the use of their de-identified data 
for future research analyses. The original CODING study was approved by the Health Research Ethics Authority 
(HREA) of Newfoundland, St. John’s, Canada, with project identification code #10.33. All methods were 
performed in accordance with the relevant guidelines and regulations. The ethical framework of the original 
approval encompasses secondary analyses of the de-identified dataset by the research team, and therefore, 
separate ethics approval for this specific analysis was not required.

A total of 3244 participants from the CODING study 2003–2017 were included initially. First, we excluded 
participants without data on VAT mass for 138 individuals and food frequency questionnaire (FFQ) for 126 
individuals. Second, those with incomplete or missing data, including weight and height for 1 individual, 
WC and hip circumference (HC) for 11 individuals, and physical activity information for 17 individuals were 
excluded. Third, participants were excluded for 19 individuals with dietary Se intake above 400 µg per day, the 
upper tolerable limit for adults17,18. Finally, a total of 2932 participants were enrolled in the present study (Fig. 1).

Dietary se intake assessment
A 124-item semiquantitative Willett FFQ was used to assess dietary intake for each participant, which is the 
most cost-effective dietary assessment method utilized in large-scale epidemiological studies19,20. The FFQ was 
obtained from participants regarding the number of weekly servings consumed of common food items over the 
past 12 months. Then, the quantity of each food item was converted into a daily average intake value, which was 
used subsequently to calculate dietary calories (kcal/d) and Se intake (µg/d) based on the Nutribase Clinical 
Nutrition Manager (software version 9.0; Cybersoft Inc, Phoenix, AZ, USA) as we previously described14,15. The 
intake of dietary Se (µg/kg/d) was also estimated by dividing by body weight for each participant.

Anthropometric measurements and other relevant covariates
Anthropometric data were measured and recorded by trained personnel from all participants following a 12-
hour overnight fast, including sex, age, body weight, height, WC, and HC. The BMI was calculated as body 
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weight/(height ×height) (kg/m2). The waist-to-hip ratio (WHR) was calculated as WC/HC. Moreover, physical 
activity levels were measured via the ARIC Baecke Questionnaire, which consists of work, sport, and leisure time 
activity indices14,15. In addition, women completed questionnaires regarding menstrual history and menopausal 
status (pre-menopausal or menopausal).

Visceral adiposity measurements
Whole-body dual-energy X-ray absorptiometry (DXA; Lunar Prodigy; GE Medical Systems, Madison, WI, 
USA) scans were taken while patients lay horizontally on the scanner following a 12-hour fast. The fat mass was 
measured in different regions, including arms, legs, trunk, android, and gynoid regions. VAT mass and VAT 

Fig. 1.  Flow chart of the enrolled participants. A total of 3244 participants from the CODING study 2003–
2017 were included initially. After excluding those with incomplete or missing data on VAT, FFQ, and relevant 
covariates, a total of 2932 participants were included in the final analyses. VAT, visceral adipose tissue; FFQ, 
food frequency questionnaire; WC, waist circumference; HC, hip circumference; Se, selenium.
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volume were precisely delineated using the DXA software algorithm during the analysis of the scans16, which has 
been shown to be an accurate method correlating well with computed tomography (CT) and magnetic resonance 
imaging (MRI) estimations of visceral fat mass and volume21,22. Daily quality assurance was performed on the 
DXA scanner, and the typical coefficient of variation was 1.3% during the study period14–16.

Statistical analyses
SPSS software version 26.0 was used for statistical analyses. All continuous variables were presented as 
mean ± standard error (SE), among which calorie intake, dietary Se intake, VAT mass and VAT volume were log-
transformed to normalize distributions in order to perform effective data analyses. Comparisons of continuous 
data between two subgroups were analyzed using the independent Student’s t-test. Comparisons of continuous 
data among quartiles of dietary Se intake were performed using one-way analysis of variance (ANOVA), followed 
by pairwise comparisons using the least significant difference (LSD) test.

Pearson partial correlation analysis was used to identify significant correlations of Se intake with body weight, 
BMI, WC, HC, WHR, and visceral adiposity, in which the confounding variables including age, physical activity, 
and calorie intake, were statistically controlled. The association of dietary Se intake with visceral adiposity was 
estimated using multivariable linear regression models, and dietary Se intake, VAT mass, and VAT volume 
underwent log10 transformation in the linear regression analyses. Three models were applied in the present 
study, with adjustment for potential confounders ascertained based on prior publications14–16,22. Model 1 was 
the crude model without adjustment for potential confounders. Model 2 was adjusted for age, and sex. Model 3 
was further adjusted for WC, physical activity and calorie intake. Multicollinearity did not occur in any of these 
models. A two-tailed P value < 0.05 was considered statistically significant.

Results
Clinical characteristics, dietary se intake, and visceral adiposity according to sex
A total of 2932 participants, comprising 2109 females and 823 males, were included in the present study (Table 1). 
The average age of women was 3.5 years older than that of men. Men had significantly higher weight, BMI, WC, 
WHR, physical activity, calorie intake, VAT mass, and VAT volume than women (P < 0.001). However, men had 
slightly lower HC than women. The average dietary Se intake of the entire population was 105.75 µg/d, with its 
level higher in men than in women (120.65 µg/d vs. 99.94 µg/d, P < 0.001). However, the difference between men 
and women was dramatically diminished, and even negligible, after adjusting for body weight (1.44 µg/kg/d vs. 
1.47 µg/kg/d, P = 0.042).

Visceral adiposity levels according to quartiles of dietary se intake
The comparisons of clinical obesity-related measurements and visceral adiposity levels were performed among 
quartiles of dietary Se intake, expressed as micrograms per kilogram per day (µg/kg/d) and micrograms per 
day (µg/d), respectively (Tables  2 and 3). The study demonstrated that all markers, body weight, BMI, WC, 
HC, and WHR, decreased with increasing quartiles of dietary Se intake expressed as µg/kg/d (P < 0.001 for 
all, Table 2). Regarding visceral adiposity, as indicated by VAT mass and volume, a significant inverse dose-
dependent relationship was observed with increasing dietary Se intake for both women and men. Compared 
with participants in the lowest quartile, those in the highest quartile had substantially lower VAT mass and 
volume with a reduction of 50.97% in women, and 63.75% in men, respectively.

Similar results were shown for VAT mass and volume when dietary Se intake was expressed as µg/d (Table 3) 
in most markers, especially in men. However, although there was a slight increase in body weight in the total 
population with increasing quartiles of dietary selenium intake, this increase did not reach statistical significance 
in men and women, respectively. Additionally, BMI, WC, HC, and WHR in women did not reach a statistical 
difference among the four dietary Se intake groups.

Variables

Entire cohort Female Male P

(n = 2932) (n = 2109) (n = 823) value

Age (years) 43.94 ± 0.23 44.94 ± 0.26 41.39 ± 0.48 <0.001

Weight (kg) 74.88 ± 0.30 70.11 ± 0.31 87.12 ± 0.55 <0.001

BMI (kg/m2) 26.96 ± 0.09 26.60 ± 0.11 27.89 ± 0.16 <0.001

WC (cm) 92.80 ± 0.26 90.73 ± 0.31 98.10 ± 0.47 <0.001

HC (cm) 101.04 ± 0.22 101.37 ± 0.27 100.21 ± 0.37 0.010

WHR 0.92 ± 0.001 0.89 ± 0.002 0.98 ± 0.002 <0.001

Physical activity 8.21 ± 0.03 8.10 ± 0.03 8.50 ± 0.06 <0.001

Calorie intake (kcal/d) 1952.55 ± 15.76 1845.54 ± 17.40 2226.77 ± 32.20 <0.001

Se intake (µg/d) 105.75 ± 0.94 99.94 ± 1.00 120.65 ± 2.08 <0.001

Se intake (µg/kg/d) 1.46 ± 0.01 1.47 ± 0.02 1.44 ± 0.03 0.042

VAT mass (g) 842.96 ± 13.94 685.69 ± 12.67 1245.99 ± 33.77 <0.001

VAT volume (cm3) 893.54 ± 14.78 726.83 ± 13.43 1320.75 ± 35.79 <0.001

Table 1.  Clinical characteristics of the study population according to sex. BMI, body mass index; WC, waist 
circumference; HC, hip circumference; WHR, waist-to-hip ratio; Se, selenium; VAT, visceral adipose tissue.
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Correlations of dietary se intake with visceral adiposity
The correlations of clinical measurements related to obesity and visceral adiposity levels with dietary Se intake 
were presented, with intake expressed as µg/kg/d and µg/d, respectively (Table 4). The identified confounding 
variables including age, physical activity, and calorie intake were statistically controlled in the correlation 
analysis. When dietary Se intake was expressed as µg/kg/d, it revealed a linear negative correlation with all 
clinical measurements related to obesity in the entire population, and this correlation was also observed in both 
women and men (P < 0.001 for all). Moreover, dietary Se intake was negatively correlated with VAT mass and 
volume (r = −0.36, P < 0.001 for both) in the total population, with similar relations in women (r = −0.36, P < 
0.001 for both) and men (r = −0.35, P < 0.001 for both).

However, when dietary Se intake was expressed in µg/d, no significant correlations were found, not only 
between dietary Se intake and clinical measurements related to obesity but also between dietary Se intake and 
visceral adiposity, as shown in Table 4.

Multivariable linear regression analyses for dietary selenium intake on visceral adiposity
Multivariable linear regression analysis (Table 5) showed that VAT mass and volume were inversely associated 
with dietary Se intake. The unadjusted crude model (Model 1) explained a small variance in VAT mass and 
volume by using only dietary Se intake (12.5% for both). After adjusting for age and sex (Model 2), this inverse 
association remained significant with a model that described a much higher variance in VAT mass and volume 
(29.7% for both). Following additional adjustments for WC, physical activity, and calorie intake in the fully 
adjusted model (Model 3), the significant negative associations still persisted with a model that explained the 
highest percentage of variance in VAT mass and volume (55.4% for both). Furthermore, the negative association 
in the fully adjusted model (Model 3) revealed that a 10% increase in dietary Se intake (µg/kg/d) was associated 
with a 2.73% decrease in VAT mass and volume (P < 0.001 for both, Table 5).

Subgroup analyses of the association between se intake and visceral adiposity
Subgroup regression analyses were performed based on the stratified factors including sex, age (<35, 3555, >55), 
and menopausal status in the fully adjusted model. The associations between visceral adiposity (indexed by VAT 

Variables

Dietary Se intake (µg/kg/day) P

Q1 Q2 Q3 Q4 value

Overall

Number (n = 2932) 733 733 733 733

Se (µg/kg/d) 0.140.96 0.971.31 1.321.79 1.806.69

Weight (kg) 82.36 ± 0.68 77.35 ± 0.61a 72.10 ± 0.53ab 67.72 ± 0.46abc <0.001

BMI (kg/m2) 29.46 ± 0.21 27.71 ± 0.18a 26.15 ± 0.16ab 24.53 ± 0.14abc <0.001

WC (cm) 100.23 ± 0.57 95.09 ± 0.50a 89.98 ± 0.45ab 85.90 ± 0.41abc <0.001

HC (cm) 106.94 ± 0.47 102.87 ± 0.39a 99.47 ± 0.38ab 94.89 ± 0.35abc <0.001

WHR 0.94 ± 0.003 0.92 ± 0.003a 0.90 ± 0.003ab 0.91 ± 0.003ab <0.001

VAT mass (g) 1207.35 ± 31.42 948.86 ± 28.82a 708.60 ± 23.45ab 507.05 ± 19.27abc <0.001

VAT volume (cm3) 1279.79 ± 33.30 1005.79 ± 30.55a 751.11 ± 24.85ab 537.47 ± 20.42abc <0.001

Female

Number (n = 2109) 527 527 528 527

Se (µg/kg/d) 0.140.99 1.001.35 1.361.81 1.826.69

Weight (kg) 77.02 ± 0.74 71.15 ± 0.57a 68.66 ± 0.54ab 63.61 ± 0.43abc <0.001

BMI (kg/m2) 29.14 ± 0.27 27.05 ± 0.21a 25.91 ± 0.20ab 24.31 ± 0.17abc <0.001

WC (cm) 97.78 ± 0.69 92.04 ± 0.57a 88.40 ± 0.53ab 84.70 ± 0.49abc <0.001

HC (cm) 107.62 ± 0.61 102.46 ± 0.46a 99.99 ± 0.47ab 95.41 ± 0.42abc <0.001

WHR 0.91 ± 0.003 0.90 ± 0.003a 0.88 ± 0.003ab 0.89 ± 0.003ab <0.001

VAT mass (g) 967.17 ± 30.10 726.21 ± 24.02a 575.41 ± 21.28ab 474.18 ± 19.35abc <0.001

VAT volume (cm3) 1025.19 ± 31.91 769.78 ± 25.46a 609.94 ± 22.55ab 502.63 ± 20.51abc <0.001

Male

Number (n = 823) 205 206 206 206

Se (µg/kg/d) 0.220.91 0.921.23 1.241.75 1.765.66

Weight (kg) 93.80 ± 1.17 90.31 ± 1.08a 85.32 ± 1.00ab 79.08 ± 0.85abc <0.001

BMI (kg/m2) 30.23 ± 0.34 28.87 ± 0.33a 27.30 ± 0.28ab 25.18 ± 0.24abc <0.001

WC (cm) 105.31 ± 0.94 100.96 ± 0.89a 96.78 ± 0.81ab 89.40 ± 0.74abc <0.001

HC (cm) 105.56 ± 0.68 102.56 ± 0.70a 99.03 ± 0.64ab 93.71 ± 0.64abc <0.001

WHR 1.00 ± 0.004 0.98 ± 0.004a 0.98 ± 0.004a 0.95 ± 0.004abc <0.001

VAT mass (g) 1711.61 ± 66.32 1458.95 ± 66.58a 1195.16 ± 63.09ab 620.51 ± 45.00abc <0.001

VAT volume (cm3) 1814.30 ± 70.30 1546.48 ± 70.57a 1266.87 ± 66.88ab 657.74 ± 50.87abc <0.001

Table 2.  Visceral adiposity according to quartiles of dietary se intake (µg/kg/d). a compared with Q1, P<0.05;b 
compared with Q2, P<0.05༛c compared with Q3, P<0.05. BMI, body mass index; WC, waist circumference; 
HC, hip circumference; WHR, waist-to-hip ratio; Se, selenium; VAT, visceral adipose tissue.
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mass and volume) with dietary Se intake were consistently negative among all subgroups (P < 0.05 for all, Fig. 2). 
Those who were male (β = −0.394, 95% CI: −0.641−0.418, P = 0.002), younger than 35 years old (β = −0.423, 95% 
CI: −0.691−0.154, P = 0.002), or female in menopausal status (β = −0.230, 95% CI: −0.390−0.070, P = 0.005) were 
more prone to have lower VAT mass and volume compared with the other subgroups, respectively.

Discussion
Recognized as a pivotal micronutrient, Se is of fundamental importance to human health in trace amounts10,23. 
Insufficient Se intake can cause the development of Keshan disease (KD) characterized by cardiomyopathy, 
whereas excessive Se consumption can lead to adverse health issues, such as loss of hair and nails, skin lesions, 
nervous system disorders, and even fatality10,23,24. Given the narrow range between Se deficiency and toxicity, 
maintaining an optimal daily Se intake is essential. The recommended dietary allowance (RDA) of daily dietary 
Se intake for adults is 55 µg/d, corresponding to 0.51.0 µg/kg/d25, the amount that is needed to maximize plasma 
glutathione peroxidase (GPx) activity17,26. Meanwhile, the tolerable upper intake level (UL) for adults is set 
at 400 µg/d to prevent selenosis as the adverse effect17,26, above which toxicity is observed around 815 µg/kg/
d25. Dietary Se intake varies based on geographic locations; numerous people in some countries suffer from 
suboptimal levels of dietary Se intake, including KD areas of China (such as Wanyuan of Sichuan and Chuxiong 
of Yunnan with 311 µg/d), Finland (25 µg/d), and Turkey (30 µg/d)23,24,27. However, there is no indication of 
average Se intake below the RDA in Se-enriched areas, such as Japan (127.5 µg/d), USA (60160 µg/d), Canada 
(98224 µg/d), and India, even above the UL (475632 µg/d)24,27,28. In this study, the mean dietary Se intake 
was 105.75 µg/d and 1.46 µg/kg/d, which is similar to the previously reported dietary Se intake of the general 
Canadian population27–29, indicating an adequate Se intake in the Newfoundland population. Consistent with 
our previous study14, men exhibited a higher dietary Se intake (µg/d) than women, but the difference was nearly 
eliminated after adjustment for body weight.

The dietary sources of Se, and consequently population intake, vary dramatically based on geographic location 
and associated soil Se content, as well as local dietary patterns. The notably low intakes in historical KD areas 
of China, Finland, and Turkey are linked to populations relying on local cereal grains and vegetables grown on 
low-Se soil regions, with minimal contribution from Se-rich animal products23,24,27. In contrast, in populations 

Variables

Dietary Se intake (µg/day) P

Q1 Q2 Q3 Q4 value

Overall

Number (n = 2932) 734 732 733 733

Se (µg/d) 10.6072.02 72.0397.20 97.21128.21 128.22399.63

Weight (kg) 73.04 ± 0.59 73.89 ± 0.60 75.72 ± 0.62ab 76.89 ± 0.63ab <0.001

BMI (kg/m2) 26.91 ± 0.18 26.97 ± 0.19 27.05 ± 0.19 26.92 ± 0.19 0.95

WC (cm) 93.14 ± 0.52 93.12 ± 0.54 92.68 ± 0.53 92.27 ± 0.52 0.605

HC (cm) 101.93 ± 0.42 101.66 ± 0.42 100.89 ± 0.44 99.70 ± 0.45ab 0.001

WHR 0.91 ± 0.003 0.91 ± 0.003 0.92 ± 0.003 0.93 ± 0.003ab 0.007

VAT mass (g) 892.65 ± 26.32 850.48 ± 28.54 823.79 ± 27.13a 804.88 ± 29.42abc <0.001

VAT volume (cm3) 946.21 ± 27.90 901.51 ± 30.25 873.21 ± 28.75a 853.17 ± 31.18abc <0.001

Female

Number (n = 2109) 527 528 527 527

Se (µg/d) 10.6069.62 69.6392.82 92.83121.92 121.93399.63

Weight (kg) 69.17 ± 0.61 69.59 ± 0.59 70.97 ± 0.64 70.70 ± 0.62 0.117

BMI (kg/m2) 26.51 ± 0.22 26.40 ± 0.21 26.76 ± 0.24 26.73 ± 0.23 0.618

WC (cm) 91.13 ± 0.61 90.66 ± 0.60 90.88 ± 0.63 90.24 ± 0.62 0.764

HC (cm) 101.69 ± 0.52 101.39 ± 0.49 101.61 ± 0.55 100.79 ± 0.55 0.619

WHR 0.89 ± 0.003 0.89 ± 0.003 0.89 ± 0.003 0.89 ± 0.003 0.914

VAT mass (g) 730.18 ± 24.76 681.12 ± 26.42 666.42 ± 25.23a 665.04 ± 24.87a 0.041

VAT volume (cm3) 774.00 ± 26.25 721.99 ± 28.01 706.40 ± 26.74a 704.94 ± 26.36a 0.041

Male

Number (n = 823) 206 206 206 205

Se (µg/d) 24.2579.29 79.30109.06 109.07145.35 145.36391.83

Weight (kg) 87.46 ± 1.03 87.18 ± 1.13 88.10 ± 1.11 85.74 ± 1.13 0.481

BMI (kg/m2) 28.41 ± 0.31 28.27 ± 0.34 27.98 ± 0.34 26.90 ± 0.31abc 0.004

WC (cm) 100.51 ± 0.84 99.45 ± 0.99 98.50 ± 0.95 93.94 ± 0.93abc <0.001

HC (cm) 102.47 ± 0.62 100.88 ± 0.71 100.21 ± 0.78a 97.26 ± 0.77abc <0.001

WHR 0.98 ± 0.004 0.98 ± 0.005 0.98 ± 0.004 0.96 ± 0.004abc 0.008

VAT mass (g) 1459.14 ± 60.85 1314.37 ± 65.57 1286.18 ± 67.58a 922.69 ± 70.62abc <0.001

VAT volume (cm3) 1545.69 ± 64.50 1393.23 ± 69.50 1363.36 ± 71.63a 978.05 ± 74.86abc <0.001

Table 3.  Visceral adiposity according to quartiles of dietary se intake (µg/d). a compared with Q1, p<0.05;b 
compared with Q2, p<0.05༛c compared with Q3, p<0.05. BMI, body mass index; WC, waist circumference; 
HC, hip circumference; WHR, waist-to-hip ratio; Se, selenium; VAT, visceral adipose tissue.
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with adequate or high Se status, dietary patterns include significant contributions from Se-accumulating foods. 
In the United States and Canada, the primary dietary sources are animal products, such as meats, poultry, and 
seafood, as well as grains; animals often concentrate Se from Se-supplemented feed or from grains grown in 
Se-adequate soils27,28,30. While specific dietary studies on Se sources in Newfoundland are limited, the general 
Canadian and North American dietary pattern is characterized by adequate consumption of these Se-rich 
foods. Furthermore, given Newfoundland’s coastal location, it is plausible that seafood—a category known to 
be high in Se, including fish and shellfish—is a significant contributor to the dietary intake in this population. 
This pattern mirrors that of Japan, where high seafood consumption ensures ample Se intake, and stands in 
stark contrast to the seleniferous regions of India, where high intake results from plant crops grown in Se-rich 
soil27,31. Beyond ensuring adequate intake from these diverse dietary sources, the biological impact of selenium 
depends fundamentally on its incorporation into functional selenoproteins. The cardioprotective effect of Se is 
primarily mediated by these selenoproteins, which are crucial for regulating redox homeostasis. In the context 
of VAT mass/volume, a key molecular mechanism linking moderate-to-high selenium intake to its reduction 
may involve the selenoprotein-mediated attenuation of adipocyte dysfunction and hypertrophy32. In adipose 
tissue, experimental work has shown that key selenoproteins such as glutathione peroxidases and thioredoxin 
reductases attenuate oxidative stress and subsequent activation of pro-inflammatory pathways like NF-κB32,33. 
This reduction in adipose tissue inflammation and oxidative stress improves adipocyte function, preventing 
pathological hypertrophy, and limiting the expansion of VAT mass/volume32,33. The consequent decrease in the 
release of free fatty acids and pro-inflammatory cytokines (e.g., TNF-α, IL-6) from visceral fat depots, in turn, 
ameliorates systemic insulin resistance and endothelial dysfunction, thereby mitigating key pathways in the 
pathogenesis of diabetes, atherosclerosis and CVD32–34.

Although our previous studies revealed that women in the Newfoundland population have 12% more BF 
than men measured by DXA16,35, when it comes to visceral adiposity, we found that VAT mass and volume 
levels were approximately doubled in men compared to women. In addition to VAT, this study also showed 

Dependent variables Independent variables Models R2 β (95% CI) P value

VAT massa Se intakea

(µg/kg/d)

Model 1 0.125 −0.901 (−0.987−0.814) <0.001

Model 2 0.297 −0.712 (−0.791−0.633) <0.001

Model 3 0.554 −0.273 (−0.382−0.164) <0.001

VAT volumea Se intakea

(µg/kg/d)

Model 1 0.125 −0.901 (−0.987−0.814) <0.001

Model 2 0.297 −0.712 (−0.791−0.633) <0.001

Model 3 0.554 −0.273 (−0.382−0.164) <0.001

Table 5.  Linear regression analyses for dietary se intake and visceral adiposity in models. a Variables were log 
transformed in the multivariable linear regression analysis. CI, confidence interval; Model 1 was the crude 
model, including dietary Se intake (µg/kg/d); Model 2 was further adjusted for age and sex; Model 3 was 
additionally adjusted for WC, physical activity, and calorie intake.

 

Variables

Entire cohort 
(n = 2932)

Female 
(n = 2109) Male (n = 823)

r P value r P value r P value

Se intake
(µg/kg/d)

Weight (kg) −0.52 <0.001 −0.53 <0.001 −0.49 <0.001

BMI (kg/m2) −0.49 <0.001 −0.50 <0.001 −0.45 <0.001

WC (cm) −0.49 <0.001 −0.49 <0.001 −0.47 <0.001

HC (cm) −0.49 <0.001 −0.50 <0.001 −0.46 <0.001

WHR −0.19 <0.001 −0.18 <0.001 −0.22 <0.001

VAT mass (g) −0.36 <0.001 −0.36 <0.001 −0.35 <0.001

VAT volume (cm3) −0.36 <0.001 −0.36 <0.001 −0.35 <0.001

Se intake
(µg/d)

Weight (kg) 0.04 0.052 0.03 0.17 0.06 0.09

BMI (kg/m2) 0.25 0.18 0.02 0.30 0.04 0.23

WC (cm) −0.02 0.29 −0.02 0.34 −0.01 0.87

HC (cm) −0.01 0.55 −0.01 0.73 −0.02 0.61

WHR −0.01 0.43 −0.02 0.28 0.02 0.51

VAT mass (g) −0.03 0.10 −0.02 0.49 −0.05 0.12

VAT volume (cm3) −0.03 0.10 −0.02 0.49 −0.05 0.12

Table 4.  Correlation of dietary se intake with visceral adiposity. Confounding variables including age, physical 
activity, and calorie intake were statistically controlled in the partial correlation analysis. Se, selenium; BMI, 
body mass index; WC, waist circumference; HC, hip circumference; WHR, waist-to-hip ratio; VAT, visceral 
adipose tissue.
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increasing trends in body weight, BMI, WC, and WHR among men. Consistent with our findings, Anand et 
al36. documented that among 9189 participants from the Canadian Alliance for Healthy Hearts and Minds 
(CAHHM) and the Prospective Urban Rural Epidemiological–Mind (PURE- MIND) cohort studies, Canadian 
females had higher percentage BF compared with males. However, males exhibited a higher mean VAT volume 
than females, as well as higher body weight, BMI, WC, and WHR36. These trends may at least partially explain 
the male predisposition towards CVD prevalence and mortality among middle-aged men in Canada, specifically 
those aged 30 to 64 years37–39. Therefore, strategies that could improve the above CVD risk factors, especially 
VAT, are key to preventing or delaying the onset of CVD.

Recently, there has been a growing interest in the role of dietary Se intake in obesity and body fat composition, 
though the results have been inconsistent. A group of observational studies found no significant difference of 
in dietary Se intake (µg/d) between normal weight and overweight/obese adolescents, as well as in adults40–42. 
A cross-sectional study also indicated that there was no association between Se intake (µg/d), BMI, and WC 
in United States adults using data from the 2007 to 2014 National Health and Nutrition Examination Survey 
(NHANES)43. In contrast, a study by Fontenelle et al44. suggested an elevated Se intake (µg/d) in obese adult 
women compared to a normal weight group. However, when body weight was considered, the relative Se intake 
(µg/kg/d) was actually lower in the obese group. Interestingly, a subsequent study from the same group showed 
that while absolute dietary Se intake (µg/d) was adequate and not significantly different between control and 
obese participants (70.34 µg/d vs. 71.30 µg/d), the relative Se intake (µg/kg/d) was significantly lower among the 
obese group in Brazil (0.68 µg/kg/d compared to 1.27 µg/kg/d)45. This lower relative intake was accompanied by 
decreased plasma Se levels, and similar results were also confirmed in their other studies46–48. Taken together, 
it is worth noting that individuals with obesity, due to their higher body weight, may require a relatively higher 
absolute Se intake (µg/d) than the recommended values to achieve equivalent plasma Se levels. In other words, to 
ensure adequate Se nutrition, it is both reasonable and crucial to take body weight into account when determining 
intake requirements. Moreover, dietary Se intake, expressed in µg/kg/d, should be discussed simultaneously in 
relevant research, as it may be a partial reason for the above-mentioned conflicting results.

In addition, a negative correlation of dietary Se intake with WC, WHR, BF, TF, AF, GF, and AF/GF was 
reported14,45,49. Meanwhile, plasma Se has also been proved to be inversely associated with BMI, WC, WHR, and 
BF50–52. Furthermore, a randomized prospective study including 37 overweight/obese individuals showed that 
supplementation with L-selenomethionine (240 µg/d) for 3 months could decrease body fat mass compared to 
the placebo control group53. In the present study, we showed that with increasing quartiles of dietary Se intake 
(µg/kg/d), body weight, BMI, WC, HC, and WHR were all decreased in both female and male participants. 
However, when Se intake was expressed as µg/d, body weight in men, BMI, WC, HC, and WHR in women did 
not reach statistical difference among the four dietary Se intake (µg/d) groups. Furthermore, correlation analysis 
revealed that after adjusting for age, physical activity, and calorie intake, a linear negative association of dietary 

Fig. 2.  Subgroup analyses of the association between dietary Se intake and visceral adiposity. Dietary Se 
intake, VAT mass and VAT volume were log10 transformed in the linear regression analyses. The results of the 
association between dietary Se intake and VAT mass were the same as those for the association between dietary 
Se intake and VAT volume. Se, selenium; VAT, visceral adipose tissue.
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Se intake (µg/kg/d) with body weight, BMI, WC, HC, and WHR was observed, but no significant correlations 
were found if dietary Se intake was expressed in µg/d. Thus, this study also clarifies the indispensable role of 
body weight in dietary Se-related research.

Dietary Se intake is linked with WC and AF, indicating a strong relationship between dietary Se and the 
distribution of abdominal fat, particularly with the accumulation of VAT. An observational study of 42Canadian 
adults with non-alcoholic fatty liver disease (NAFLD) conducted by Aktary et al29. showed that dietary Se intake 
(µg/d) was negatively correlated with liver fat measured via MRI (r = − 0.501, P = 0.015) in females. This study 
highlighted the role of dietary Se on VAT, although no current evidence directly links dietary Se intake with VAT 
levels. In the present study, VAT mass and volume decreased with the increase of dietary Se quartiles (µg/kg/d) 
both in women and men, and this inverse dose-dependent relationship was also observed when dietary Se intake 
was expressed as µg/d. Moreover, dietary Se intake was negatively correlated with VAT mass and volume in the 
total population, with similar relations in women and men. However, no significant correlations were found if 
dietary Se intake was expressed as µg/d, so we did not include Se intake (µg/d) in the following linear regression 
analyses. In the fully adjusted model, the negative association of dietary Se (µg/kg/d) with VAT mass and volume 
revealed that a 10% increase in dietary Se intake was associated with a 2.73% decrease in visceral adiposity. The 
reduction in VAT associated with higher Se intake (µg/kg/d) is metabolically significant, as VAT is a key driver 
of insulin resistance and progression to type 2 diabetes. In fact, our recent analysis within this same cohort has 
already demonstrated a direct, inverse association between dietary Se intake (µg/kg/d) and the prevalence of 
prediabetes, reinforcing the potential role of adequate Se status in mitigating diabetes risk through pathways that 
may include reduced visceral adiposity54. Importantly, this inverse correlation between Se intake (µg/kg/d) and 
VAT remained consistent across different sex, age and menopausal status subgroups. These findings highlight 
the potential benefits of increasing dietary Se intake for reducing VAT mass and volume in various subgroups 
in the Newfoundland population, especially for males, individuals younger than 35 years old, and women in 
menopausal status.

The strengths of our research are significant. First, based on our current understanding, this is the first cross-
sectional study specifically designed to analyze the association between dietary Se intake and VAT levels in the 
general population. Second, the inclusion of 2932 participants provided a more substantial sample size compared 
with previous studies, enhancing its statistical power. Third, the participants were recruited based on the absence 
of clinically diagnosed serious metabolic, cardiovascular, or endocrine diseases, as per the original CODING 
study criteria. While the cohort’s average BMI falls within the overweight or obese range, this metabolic profile 
is representative of a significant segment of the general Canadian population, which enhances the real-world 
applicability of our findings. Last, rigorous measures such as controlling for identified confounding factors and 
conducting subgroup analyses were taken to ensure the reliability of our results. Our findings carry significant 
clinical implications for populations with adequate baseline Se status, such as the Newfoundland cohort studied 
here. We demonstrate that within the safe, non-toxic range of intake, a higher dietary Se intake, specifically 
when expressed relative to body weight (µg/kg/d), is associated with a favorable reduction in visceral adiposity, 
a key risk factor for cardiometabolic disease. This suggests that for individuals who are overweight or obese, 
ensuring an adequate weight-adjusted Se intake could be a valuable, yet often overlooked, component of 
nutritional strategies aimed at mitigating visceral fat accumulation and its associated cardiometabolic risks. 
However, a key limitation must be acknowledged. The analysis relies on the CODING database, which, while 
extensive and well-characterized, is not current. This temporal limitation means that our findings reflect dietary 
patterns and population health status at the time of data collection and may not account for more recent shifts 
in the food supply or lifestyle. Consequently, the clinical implication—that ensuring adequate weight-adjusted 
selenium intake may help manage visceral adiposity—should be interpreted as a proof-of-concept derived from 
this specific cohort and time period. In addition to this temporal limitation, due to the cross-sectional design, 
no information regarding any causality between higher dietary Se intake and lower visceral adiposity can be 
provided. Therefore, additional longitudinal randomized controlled trials in this direction should be conducted, 
and investigation of the mechanisms of dietary Se on VAT levels through animal experiments is needed.

Conclusions
In conclusion, this study provides a significant methodological and conceptual advance in the field of Se and 
body composition research. We demonstrate for the first time in a general population that the inverse association 
between dietary Se and visceral adiposity is only evident when intake is expressed relative to body weight (µg/
kg/d), not as an absolute daily intake (µg/d). This key finding resolves prior inconsistencies in the literature and 
establishes body-weight adjustment as a crucial factor for uncovering Se’s true relationship with VAT. Our work 
moves beyond establishing adequate population-level Se status to show that within this safe range, a higher 
weight-adjusted intake is associated with a clinically favorable reduction in a major cardiometabolic risk factor. 
Therefore, ensuring adequate weight-adjusted Se intake may represent a novel nutritional strategy for VAT 
reduction and CVD risk mitigation, particularly in subgroups like men, younger adults, and postmenopausal 
women. Future research and dietary guidance should prioritize this weight-adjusted approach to fully elucidate 
Se’s role in human health.

Data availability
The CODING dataset used in this study is not publicly available due to privacy and ethical reasons. However, the 
de-identified participant data underlying the findings of this study are available from the corresponding author 
Guang Sun upon reasonable request. All requests are subject to a data access agreement to ensure compliance 
with the ethical provisions of the original informed consent and the policies of the Health Research Ethics Au-
thority of Newfoundland.
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