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ARTICLE INFO ABSTRACT
Article History Selenium has recently been connected to insulin resistance (IR)
Received:1/1/2024 and obesity due to its anti-inflammatory and anti-oxidant functions through
Accepted:5/2/2023 selenoproteins. thus, the purpose of this study was to determine the
Available:9/2/2023 relationship between BMI and serum selenium levels in participants with and
without insulin resistance and to evaluate whether BMI is affected by
Keywords: selenium and insulin resistance status. (120) Iragi (men and women) ranging
Selenium between (18- 60) years old, with varying BMIs (normal weight, overweight,

Body mass index,  and obese) were included in a cross-sectional study. The Graphite Furnace

Insulin resistance. Atomic Absorption Spectrophotometer was used to measure the serum level
of selenium, and the ELISA technique was used to measure the fasting blood
level of insulin. Among the 120 subjects, 25 (20.8%) were insulin resistant
and 95 (79.2%) were non-insulin resistant. Insulin resistance was found in
the group with significantly higher insulin than the non-insulin resistance
group (P<0.001). Selenium levels significantly increased in the age group
(31-50) years old but declined in the group of age > 50 years old (P<0.001).
Selenium levels were significantly lower in females than males (P=0.001)
and significantly decreased with increasing BMI (P<0.001). The findings
revealed that serum selenium levels were linked to obesity, independent of
insulin resistance.

INTRODUCTION

Minerals are essential to preserving general health. Enzymatic activation, preserving
strong teeth and bones, controlling energy metabolism, boosting immunity, and supporting
healthy muscle and brain function are all made possible by these microscopic chemical
compounds. Millions of people worldwide suffer from mineral deficiencies brought on by
insufficient or undernourished intake, with well-documented adverse health consequences of
malnutrition. However, low mineral levels have also been linked to an increased risk of obesity
and insulin resistance (IR) (Smita et al.,2022). Selenium is an essential mineral that has
biochemical, molecular, and nutritional features. It participates in insulin metabolism and has
anti-inflammatory and antioxidant properties that may help control insulin action signaling
(Wongdokmai et al ., 2021). The presence of selenium (Se) in selenoproteins like glutathione
peroxidase (GPx) and selenoprotein P (Sepp) is essential for human health as it performs a
number of roles in normal health and metabolism. Selenium can be included in both organic
(selenomethionine and selenocysteine) and inorganic (selenite and selenate ) molecules
(Genchi et al ., 2023).
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The primary dietary sources of
selenium include grains, dairy products, meat,
fish, seafood, milk, and Brazil nuts. Rich
sources of selenium include sea salt, eggs
(only when fed in conjunction with selenium-
containing yeast), giblets, bread, mushrooms,
garlic, asparagus, and kohlrabi (enriched with
this element). Selenium deficiency has been
connected to myodegenerative diseases,
cardiovascular  disease, infertility, and
cognitive decline (Shreenath et al ., 2023).
Since 1975; excess body fat has been linked
to overweight and obesity, which are serious
health issues for the general public. Obesity
has nearly tripled in prevalence worldwide,
affecting people of all ages, genders, and
socioeconomic, geographic, and ethnic
backgrounds. presently, about one-third of the
population suffers from excess obesity to
some level ( Chooi et al ., 2019). Excess
adipose tissue contributes a major role in the
etiology of other chronic diseases related to
obesity by stimulating the production of
oxidative stress and low-grade chronic
inflammation.  Recent  studies  have
demonstrated the function of selenium in the
regulation of important molecular pathways
in the adipose tissue's physiology, including
inflammation, oxidative stress, lipogenesis,
and adipogenesis, the selenium nutritional
status in overweight and obese people to
assess whether the homeostasis of this
element is altered by excess adiposity. Thus,
either an excess or a deficiency of selenium
can cause adipose tissue dysfunction and the
consequent appearance of metabolic changes;
this is especially significant when taking
obesity into account (Fontenelle et al .,
2022). Dysregulation of insulin action and
secretion, as well as enterocyte and adipocyte
differentiation and function, have all been
related to selenium, because it controls the
expression of lipogenic enzymes, insulin
signaling cascade enzymes, and hepatic
carbohydrate metabolism. Adulthood is when
the concentration of selenium reaches it,s
maximum. In people over 60, the amount of
this element in their serum is gradually
declining (Tamari and Kim,1999). A
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deficiency of this element in the human body
can be seen when its plasma concentration
falls below 85 pg/L (Zwolak and
Zaporowska,2012). Insulin resistance refers
to the inability of insulin to promote glucose
uptake by target tissue cells and the increased
production of glucose by liver tissue. These
factors result in the appearance of
Hyperglycemia and hyperinsulinemia, which
promotes the progression of type 2 diabetes
mellitus (Freeman et al., 2023). This study
was conducted to investigate the relationship
between BMI and serum selenium levels in
participants with and without insulin
resistance and to evaluate whether insulin
resistance and selenium status have an impact
on BMI.
MATERIALS AND METHODS

Study Design:

A cross-sectional study included
(120)Iraqgi individuals (male and female )in
the age range between (18- 60) years old.
lived in Baghdad city From (November 2022
to January 2023), these individuals were
divided into three groups: included had to be
in one of the following BMI categories:
normal weight (BMI in the range of 18.5 to
<25), overweight (BMI in the range of 25 to
<30), and obese (BMI in the range of 30 or
higher). Age and gender were matched in
every group.

Sample Collection:

Five millilitres of venous blood were
withdrawn from fasting participants (at least
8 hours fasting) in aseptic conditions using
sterile simple tubes. It usually takes 10-20
minutes for the blood to clot when it is left
undisturbed at room temperature (25-28) °C.
After centrifuging the serum for 20 minutes at
3000 rpm, it was separated into tiny aliquots
and stored at -20°C until further examination.
Graphite  furnace  atomic  absorption
spectrophotometer (Shimadzu  AA-7000
model) was used to measure serum selenium
level, Fasting blood glucose was estimated by
Spectrophotometer/ Microplate reader, while
fasting blood insulin was measured by ELISA
technique (sandwich enzyme immunoassay).
The homeostasis model assessment was used
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to measure IR ( HOMA-IR) using the formula
: (Fasting blood glucose (mg/dL) * Fasting
blood insulin (uIU/ml)/ 405) (Kim et al .,
2021). The following equation was used to
calculate the subject's BMI: body weight (kg)
divided by height (m) squared. BMI = Weight
(Kg)/Height2 (m2) (Tang et al ., 2022).
RESULTS

Table (1), presents the demographic
characteristics of the study population. This
table offers important information about the
distribution of body mass index (BMI), sex
composition, and age within the study
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population. The study participants’ mean age
was estimated to be 45 + 10.29 years.
Additionally, the median age, which was
indicated as the central value of the age
distribution, was found to be 30 years. The
mean BMI of the study participants was
calculated to be 31.5+5.35 (kg/m?). The
median BMI was found to be 27.45 (kg/m?)
and the range was 26.7 (kg/m?). There were
56 (47.0%) male participants in the study and
64 (53.0%) female participants comprised the
study’s participant population.

Table 1: Demographic data of cases.

arameter Value
Age (1) l\/!eaniSD 45+10.29
Median (Range) 30 (18-55)
Sex Male N (%) 56 (47.0)
Female N (%) 64 (53.0)
5 Mean+SD 31.5+5.35
BMI (kg/m’) Median (Range) 27.45 (19.1-45.8)

The study participants’ general
characteristics were displayed in Table (2),
among the 120 subjects, 25 (20.8%) were
categorised as insulin resistant (IR) group and
95 (79.2 %) were characterised as non-insulin
resistant (non-IR) group.

The IR group had a significantly
higher insulin level than the non-IR group
(p<0.001). Selenium levels were lower in the
IR group than in the non-IR group, however,

this decrease was insignificant. Age
differences between the IR and non-IR groups
were not statistically significant (p= 0.153).
As well as the mean BMI was 28.28+1.11
(kg/m?) for the IR group, in the non-IR group
the mean BMI was 28.22+0.55 (kg/m?) (p=
0.960) indicating that there was no
statistically significant difference between the
two groups. The two groups’ fasting blood
sugar levels did not differ significantly.

Table 2: Comparison of parameters between groups with IR and non-IR groups by unpaired t-

test
Non-IR IR
Parameter N=95 N=25 P value
MeanzSE MeanxSE

Age (yr) 33.07+1.09 29.76x1.75 0.153

BMI (kg/m?) 28.22+0.55 28.28+1.11 0.960

Se (pg/l) 85.49+1.07 81.82+1.89 0.512

Insulin (LIU/ml) 3.84+0.22 27.78+2.77 <0.001

FBS (mg/dl) 72.47+0.91 73.1612.4 0.789

The significance level is (p <0.05),
and highly significant has the value (p<0.001).
The cut-off value for insulin resistance is 2;
any result above this suggests insulin

resistance.

There was a statistically significant
difference in the serum Se levels of the male
and female participants, as revealed by
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comparing the study’s various parameters
based on the participants’ sex; female
participants had lower mean Se levels
(76.1+1.46 pg/l) than male participants

(88.01£2.66 pg/l), (p = 0.001). Table (3),
illustrates the significant difference that was
noted in the IR and non-IR groups.

Table 3: Comparison of parameters according to sex in both groups (Insulin resistance and
non-insulin resistance) by unpaired t-test.

Parameter Sex I\/T;anr;izE P value Mee!rl?tSE P value
AR ON e sp7eras ] 07 [homvsras—| O
T e o R et e
ety [ s |y [SOE g,
@Um) | Fomie [ seisaz ] °% [Toromesr| 049
"85 (9) |t rsnis ] 0% [rransass] 04

Non-IR group: Male = 44 and female =51, while IR group: Male =12 and female =13

In this study, in the non-IR group,
we found a significant increase in serum
selenium levels with age but declined in the
group of age > 50 years old ( p <0.001)

when comparing the different parameters in
this study according to age as shown in
Table (4), in both groups.

Table 4: Comparison of parameters according to age in both groups (non-IR and IR groups)

Parameter Age (yrs.) Non-IR P IR P
MeantSE | value* | MeanzSE | value**
<30 27.36x0.75 27.87+1.48
BMI (kg/m?) 31-50 28.63+0.87 | 0.208 | 29.15+1.55 0.599
>50 30.71+1.69
Se (ug /1) <30 80.57+1.36 79.32+1.91
31-50 90.08+1.48 | <0.001 | 87.13+3.86 0.052
>50 87.87+3.57 —
<30 4.03£0.3 27.04+3.24
Insulin (MIU/mI) 31-50 3.73+0.37 0.676 | 29.34+5.52 0.706
>50 3.4+0.49 ---
<30 72.12+1.38 70.99+3.03
FBS (mg/dl) 31-50 73.42+1.35 0.462 77.7913.56 0.192
>50 69.33+2.82 ---

* P value by ANOVA, ** P value by unpaired t-test

Table (5), illustrates the highly
significant decrease in serum selenium levels
with increasing BMI that was observed in

both groups when the various parameters in
this study were compared based on BMI.
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IR) by ANOVA test.

Table 5: Comparison of parameters according to body mass index in both groups (non-IR and

Non-IR P IR P
Parameter BMI (Kg/m’) MeanzSE value* | MeanzSE | value**

Normal 31.63+1.89 22.4+2.98

Age (yr) Overweight 34.15+1.69 0.695 | 30.46+2.35 0.075
Obese 33.73+1.99 33.71+3.16
Normal 94.32+1.32 89.01+4.24

Se (ug/l) Overweight 84.7+1.33 <0.001 | 83.84+2.23 0.003
Obese 76.78+1.24 72.91+1.89
Insulin Normgl 4.22+0.35 38.08+7.62

(IU/ml) Overweight 3.61+0.36 0.419 24.88+3.18 0.177
Obese 3.62+0.43 25.8+5.29
Normal 72.09+1.52 67.52+5.18

FBG (mg/dl) Overweight 73.12+1.65 0.902 71.72+2.6 0.177
Obese 72.35+1.61 79.8945.69

Number of participants according to BMI (Normal=35, Overweight=27 and Obese=33 in the non-IR
group, while Normal=5, Overweight=7 and Obese= 13 in IR group).

According to the receiver operating
characteristic (ROC) curve; the area under the
curve (AUC) for serum selenium levels
selenium (Se) is 0.600, indicating that it is a
moderate discriminator between individuals

with insulin resistance vs. individuals without
insulin  resistance. Using a cutoff of
83.77(ug/l), it has a sensitivity of 54.7% and
a specificity of 60.0%. These results are given
in Figure (1) and Table (6).

Sensitivity

ROC Curve

Diagonal segments are produced by ties.

Fig. 1: ROC curve for selenium between IR and non-IR group.

0.4

[

1 - Specificity
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Table 6: Area under the curve, sensitivity, specificity, and cutoff value of selenium between

non-IR and IR groups

AUC P value Sensitivity Specificity Cutoff value
0.600 0.127 54.7% 60.0% 83.77(ug/1)
DISCUSSION selenium to function as a cofactor of

In this study, sex, age, and BMI were
found to have statistically significant effects
on differences in serum selenium levels;
selenium levels were significantly lower in
female participants than in male participants
in both study groups (IR and non-IR). The
main hypothesized causes of this discrepancy
were sexual hormones and dietary variations;
women tend to consume less selenium-rich
foods than men. These results are in
agreement with a number of other studies that
found lower selenium levels in females when
compared to male individuals ( Kafai and
Ganji, 2003, Safaralizadeh et al ., 2005).
When compared to younger participants in
this study, individuals in the age group (30-50)
years had higher serum selenium levels,
variations in selenium concentration across
age groups may be brought on by changes in
dietary choices, hormone status,
environmental factors, and lifestyle ( Sajjadi
et al ., 2022, Letsiou et al ., 2014). There is
evidence that older adults over 50 years old
have significantly lower serum selenium
levels, the relationship between aging and
lower serum selenium levels is attributed to
various factors, such as the build-up of
inflammatory factors, physiological changes,
insufficient consumption of selenium-rich
foods, and inefficient absorption of dietary
selenium (Sajjadi et al ., 2022, Bonaccors et
al ., 2013). In relation to BMI; serum
Selenium levels were significantly inversely
related to BMI in both IR and non-IR groups,
i.e., those in the normal weight group had the
highest mean selenium levels, Subsequently,
the group of overweight, individuals who
were classified as obese with the lowest mean
level of selenium. It is unclear what processes
underlie the inverse relationships between
serum selenium concentrations and BMI,
however, they propose that the reduction of
selenium in plasma or serum may be
explained by the increased requirement for

antioxidant protection enzymes in specific
tissues resulting from the excessive
production of reactive oxygen species in
(obese, overweight) individuals. Studies have
shown that the overproduction of pro-
inflammatory cytokines by adipose tissue
inhibits the synthesis of selenoproteins, such
as SelP the main enzyme responsible for
selenium transport in plasma, which may
have a connection to chronic low-grade
inflammation. This proposal aligned with
previous studies (Tinkov et al ., 2020,
Fontenelle etal ., 2021, Zhongetal ., 2018).
The mechanisms underlying selenium and
selenium protein metabolism interference in
adipocyte physiology  and obesity
pathogenesis were discussed in these studies.
It is possible that these mechanisms are
primarily associated with controlling redox
homeostasis and Endoplasmic reticulum
stress (ERS). The hypothalamic management
of satiety and eating habits is linked to the role
of selenium in these mechanisms. In this
study levels of serum selenium in participants
with insulin resistance were deficient and
lower than in participants without insulin
resistance, the difference was not significant.
Similar results were obtained from other
studies (Gao et al ., 2014, Rios-Lugo et al .,
2022) while there are discrepancies with other
studies (Pouresmaeil et al ., 2023, Casanova
and Monleon, 2023). The accumulation of fat
in other insulin-targeted tissues can also result
from this dysfunction in obesity, which is
characterized by  hypertrophy  and/or
hyperplasia, it shows functional and structural
alterations that influence the production and
secretion  pattern of pro-and  anti-
inflammatory  adipocytokines, interfering
with mechanisms involved in insulin action
signaling pathways (Hajer et al ., 2008).
According to ROC  curve
investigation, the AUC for selenium is 0.600
indicating that there was a moderate
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discrimination between individuals with
insulin resistance vs. individuals without
insulin resistance with the cutoff value of
83.77(ng/l). The main limitation of this study
is a low sample size, especially the number of
participants with insulin resistance being the
group with the least number of participants.
Conclusion: In conclusion, serum levels of
selenium  were linked with  obesity
independent of insulin resistance. Selenium’s
effect could be due to an anti-oxidant/anti-
inflammatory action. Further studies is
required to validate our results and clarify the
possible mechanisms.
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