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Background. Adequate levels of selenium (Se) have protective effects against several chronic diseases, such as obesity. The aim of
this study was to assess the effect of Se supplementation in a selected group of patients with obesity. Methods. This randomized
prospective study included 37 overweight/obese individuals aged 18-65 years, who adopted a slightly hypocaloric diet for 3
months. An intervention group received 240 ug/day of L-selenomethionine for 3 months; a control group received a placebo.
Clinical and biochemical parameters, body composition measurements, and the Psychological General Well-Being Index
(PGWBI) questionnaire were tested at the beginning and end of the treatment. Results. A comparison of the two groups showed a
significant change in body composition, involving a decrease in body fat mass, between the baseline and the end of the follow-up,
in the intervention group. Unlike the placebo group, the group given Se had a significant increase in lean body and muscle mass
and a significant decrease in leptin levels after 3 months on diet. At the end of the follow-up, the group given Se scored higher on
the PGWBI than those who did not. Conclusion. Se could reinforce the effects of diet for overweight and obesity. This work was
registered in the ISRCTN registry with study ID ISRCTN6106073.

1. Introduction

Obesity is rapidly becoming one of the most worrying
population health issues. It not only worsens an individual’s
quality of life, but also is associated with severe medical
complications such as diabetes type 2, dyslipidemia, hy-
pertension and other cardiovascular diseases, sleep apnea,
various forms of cancer, pulmonary diseases, osteoarthritis,
and a consequent increase in mortality/morbidity rates [1].

Leptin is an adiposity signal secreted by the adipocytes
proportionally to the amount of body fat. In healthy

individuals, it regulates the energy balance by increasing
energy expenditure and reducing energy intake [2]. In diet-
induced obesity, leptin levels rise due to leptin resistance, a
condition deriving from activation of an inflammatory
pathway, and from systemic oxidative stress, and involved in
skeletal muscle atrophy, a disorder also linked to obesity and
inflammation [3, 4]. In fact, obesity is associated with a state
of chronic low-grade inflammation, and some studies have
found blood concentrations of selenium (Se) inversely
correlated with obesity, making Se deficiency a possible
marker of adiposity [5-7]. Moreover, depression is also
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described as an inflammatory condition, like obesity, with
which it is often associated [8]. Lower Se blood concen-
trations correlate with a higher risk of depression and an Se-
enriched diet seems to improve the psychoemotional state
and mood of obese people [9, 10].

Se is a trace element involved in the proper functioning
of the endocrine (and particularly, thyroid) and immune
system and capable of modulating the body’s inflammatory
response due to the antioxidant action of selenoproteins [7].
Selenoproteins include glutathione peroxidases, thioredoxin
reductases, and iodothyronine deiodinases. Genetic knock-
out studies in mice have demonstrated that at least three
selenoproteins are essential as deletion of thioredoxin re-
ductase 1, thioredoxin reductase 2, or glutathione peroxidase
4 results in embryonic lethality [11-14]. In 1996, the World
Health Organization (WHO) stated that daily intake up to
400 pg selenium could be considered safe [15]. However, a
review by the United States Environmental Protection
Agency stated that no adverse effect was seen in adults taking
853 ug/day of Se. Recommended dose of selenium varies in
different countries, due to differences in geographical and
racial characteristics, besides food habits of that population
[16]. Moreover, optimal dose of Se intake in patients with
metabolic diseases is difficult to estimate due to the limited
amount of studies; however, most of these surveys stated that
patients with metabolic disorders might need higher dose of
Se than the healthy population (82.4-200 ug) [17].

Taken together, these findings suggest a promising role
for Se supplementation in obesity, hence, this pilot study, the
aim of which was to assess the effect on body weight and
mood of high Se supplementation in a selected group of
patients with obesity following a balanced, slightly hypo-
caloric diet as part of a single-center randomized controlled
trial.

2. Materials and Methods

2.1. Patients and Study Design. This longitudinal, single-
blind, randomized placebo-controlled clinical study in-
volved 37 overweight and obese participants aged 18-65
years referred to our Endocrinology Unit for the purpose of
losing weight (Figure 1). All participants had a body mass
index (BMI) >25 kg/mz. The following were reasons for
exclusion: smoking habits, treatment with levothyroxine or
any medication modifying thyroid function (e.g., cortico-
steroids, amiodarone, propranolol, and lithium), TSH levels
outside the normal laboratory range, severe cardiopathy
treated with antiarrhythmics or vasodilators, pregnancy or
breastfeeding, previous or current malignancies, severe
eating disorders, liver failure, pharmacological treatment for
obesity, chronic inflammatory disease, individuals already
on a low-calorie diet, or those who had followed a low-
calorie diet in the previous 3 months or who had lost weight
in recent months.

Participants were divided into two single-blind randomized
groups: an intervention group (n=18) took 240 ug/day of
L-selenomethionine (S) in a soft gel formula divided into
several doses for 3 months and a control group (n=19) re-
ceived placebo likewise delivered in a soft gel formulation
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(Figure 1). However, from the intervention group, 2 patients
dropped out during the treatment. The reasons were a changed
opinion regarding the study and the discovery of pregnancy,
respectively.

After an interview with a clinical nutritionist, all par-
ticipants adopted a balanced, slightly hypocaloric diet for 3
months. They were asked not to change their usual physical
activity during the study period. Their clinical parameters
and biochemical test findings were examined at the be-
ginning and end of the treatment. Their body composition
was measured and their psychological well-being was
assessed, using the validated Psychological General Well-
Being Index (PGWBI) questionnaire, at the beginning and
end of the treatment.

The study was approved by the Research Ethics Com-
mittee of Padua University (protocol no. 3220/A0/14). All
participants gave their written informed consent before
enrolling for the study. This work was registered in the
clinical ~ trial ISRCTN  registry with study ID
ISRCTN6106073.

2.2. Clinical and Anthropometric Parameters. The clinical
assessment included a general medical examination, re-
cording arterial blood pressure, weight, and height. A
participant’s height was measured without shoes, with an
approximation of 0.5cm, and body weight was recorded
without clothes, with an approximation of 0.1 kg. The BMI
was calculated using the formula, weight [kg]/height* [m?],
and obesity was classified according to the World Health
Organization [18].

2.3. Biochemical Tests. Serum leptin (expressed as pg/l) was
measured at the beginning and at the end of the study using
RIA (Radio Immuno Assay).

2.4. Body Composition. Body composition was assessed by
bioelectrical impedance analysis (BIA) using the
BIAVECTOR® (BODYGRAM-AKERN s.r.l. Bioresearch),
recording values for lean mass, fat mass, and muscle mass at
the beginning and end of the study for each participant.

2.5. Types of Diet. A tailored, slightly hypocaloric diet was
given to all participants. The quantity of calories was cal-
culated taking into account their basal metabolic rate ob-
tained with the Harris-Benedict equation and reducing each
participant’s calorie requirement by 20-25%. As recom-
mended by the European guidelines for obesity [19], the
composition of the diet was balanced in the contribution of
the main macronutrients according to the following criteria:

(i) Protein intake: 0.8-1.2 g/kg body weight reference/day

(ii) Carbohydrates: 55-65% of total kcal

(iii) Fat to supply the required amount of energy (30%):
10% monounsaturated, 10% polyunsaturated, and
10% saturated
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| Subjects referred to endocrinology unit in order to lose weight

Inclusion criteria: » .
(i) 18-65 years old
(ii) BMI > 25 kg/m?

(viii

Exclusion criteria:
(i) Smoking habits
(ii) Treatment with levothyroxine or any medication which can alter thyroid
function (e.g., corticosteroids, amiodarone, propranolol, and lithium)
(iii) TSH levels outside normal laboratory range,
(iv) Severe cardiopathy treated with antiarrhythmics or vasodilators
(v) Pregnancy or breastfeeding
(vi) Previous or current malignancies
(vii) Severe eating disorders
) Liver failure
(ix) Pharmacological treatment for obesity
(x) Chronic inflammatory disease
(xi) Subjects already on low-calorie diet in previous or who have followed
low-calorie diet over the last 3 months or who had lost weight in

v recent months
37 patients selected f
X
5B
Intervention Control
group group
(Se 240 ug/day (placebo and
and diet for 3 diet for 3
months) months)
n=18 n=19

F1GURE 1: Study design with inclusion and exclusion criteria. Withdrawal due to discovery of pregnancy and changed opinion about the

study.

2.6. Psychological General Well-Being Index (PGWABI).
The PGWRBI is based on a self-report questionnaire com-
prising 22 items and has proved to be capable of assessing
respondents’ stress levels [20, 21]. It has been validated and
used in many countries in studies on large populations and
specific groups. In 2000, the PGWBI was validated in a sample
of 1,129 Italian citizens aged 15 years or more, and its nor-
mative values are available [20]. The questions cover six areas:
anxiety, depressed mood, positive well-being, self-control,
general health, and vitality. There are multiple-choice answers
with scores ranging from 0 to 5. A total PGWBI score is
obtained from the sum of all the items and ranges from 0 to
110. Higher scores indicate greater psychological well-being.

2.7. Statistical Analysis. For each continuous variable, a two-
tailed Kolmogorov-Smirnov test was first performed to
check the type of variable distribution. Then the t-test on
independent samples, repeated-measures ANOVA, and the
Mann-Whitney and Wilcoxon tests were used, as appro-
priate, to identify statistically significant differences. All
statistical analyses were conducted using the MedCalc
software bvba, Osted, Belgium (rel. 11.6.0). Values of
P <0.05 were considered statistically significant.

3. Results

No significant differences emerged between the two groups
in terms of age, anthropometric measurements, or body
composition at the beginning of the study. Table 1 shows

participants’ anthropometric characteristics at the baseline
and at the end of the follow-up.

Statistical analysis showed that after 12 weeks, 14/35
(40%) participants had achieved a weight loss of at least 5%
from their baseline body weight. Though the difference be-
tween the two groups was not statistically significant, the
weight loss was more evident in the intervention group, in
which 7/16 participants (44%) lost a considerable amount of
weight, whereas this was only true of 7/19 (37%) in the
placebo group.

There was a statistically significant difference, however,
between the changes in body composition in the two groups.
Only the intervention group showed a significant reduction
in body fat mass from the baseline to the end of the follow-
up (p =0.0002). The results of ANOVA for repeated
measures also showed that the placebo group’s proportion of
lean body mass did not change after 3 months on a
hypocaloric diet, despite their significant body weight loss,
whereas the proportion of lean body mass did change in the
intervention group (p = 0.01). However, the difference in
this parameter between the two groups did not reach sta-
tistical significance at the follow-up.

Considering only muscle mass changes, there were no
differences in the placebo group after the hypocaloric diet,
irrespective of their body weight, whereas participants in the
intervention group showed a significant increase in muscle
mass at the follow-up (p = 0.02).

Serum leptin levels dropped significantly in the inter-
vention group after the diet (p = 0.04), while they remained
the same in the placebo group (Figure 2).
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TaBLE 1: Anthropometric and biochemical characteristics of participants at the baseline and at the end of the study.

Baseline End of the study
Se-treated group Placebo-treated group P Se-treated group Placebo-treated group p
(n=18) (n=19) (n=16) (n=19)
Age (ys) £SD 38+10.9 42+14.4 ns
Gender ns
Male 5 6
Female 13 13
Weight (kg) + SD 106.8 + 31 114 £22.8 ns 103.1£30.7 111.1£21.9 ns
BMI (kg/mz) +SD 37.1+£8.9 41.8+£8.5 ns 36.9+9.2 40.6+£7.7 ns
Fat mass (kg) + SD 44.2+3.8 471+£3.9 ns 345+3.2 45.4+3.8 0.03
(Llf;‘;in;gss 62.5+3.7 66.7+2.9 ns 65.9+3.4 66.9+3.2 ns
Leptin levels + SD 28.9+16.3 28.6+£17.7 ns 239+15.4 29.4+16.9 0.01
PGWBI score + SD 71+17 79+16.7 ns 82.3+10 751+21.2 0.003
40 p=0.04 micronutrient available in certain foodstuffs, such as fish,
T __I T I cereals, meat, and vegetables [22-24]. Adequate levels of Se
35 have revealed a protective effect against various chronic
diseases, like cancer prevention and cardiovascular pro-
30 |- T tection [25]. Se supplementation exerts its beneficial action
by increasing glutathione peroxidase activity and by inter-
2 5L acting with inflammatory biomarkers [23, 24].
3 However, an unexpected result of the Nutritional Pre-
5 L vention of Cancer Trial in the USA was that participants
& 0k - - treated with Se (200 pg/day) for an average follow-up of 7.7
g years had an increased likelihood of developing type 2 di-
= 15 abetes comparing with a similar cohort of participants taking
placebo [26]. However, some issues have to be taken into
10 - account: participants were elderly individuals (mean age
63.2 years old) with a self-reported diagnosis of type 2 di-
s abetes and the increased risks for type 2 diabetes among Se-
K treated participants were no more evident when compared
with patients within the top tertile of BMI (>26.76 kg/m?),
U ! ! who usually have a dysregulated food habits, with inade-
Baseline End of study quate consumptions of macro- and micronutrients.

O Placebo-treated group

O  Selenium-treated group

FIGURE 2: Comparison of plasma leptin levels (ug/l) at the baseline
and after the isocaloric diet in the placebo-treated and selenium-
treated groups.

Interestingly, participants who took Se scored higher on
the PGWBI at the follow-up (p = 0.003), whereas there was
no change in the placebo group’s scores from the baseline to
the follow-up. In addition, among all the participants who
obtained a weight loss >5%, the change in their PGWBI
scores was much more significant for those who had taken Se
(p = 0.004).

4. Discussion

A balanced antioxidant status has a fundamental role in
body homeostasis and has been linked to better health
outcomes, particularly regarding some manifestations as-
sociated with obesity [4]. Selenium is an antioxidant

Indeed, several studies have reported a positive corre-
lation between serum Se concentrations and dietary Se in-
take and a negative correlation has been demonstrated
between serum Se and BMI [26-28]. This relationship
emerged, for instance, in a cross-sectional study conducted
on 8- to 13-year-old schoolchildren; those with a BMI above
the 85" percentile had a significantly lower dietary Se intake
than normal-weight children, after adjusting for energy
intake [28]. Data from the 1999 to 2004 US National Health
and Nutrition Examination Survey (NHANES) also indi-
cated that children at high risk of overweight were also at
greater risk of dietary Se deficiency [29]. Finally, the
CODING study, conducted on a large general adult pop-
ulation, clearly indicated that obesity and its severity were
associated with a low dietary Se intake: every 1 ug/kg/day
increase in dietary Se intake corresponded to a 3-6% de-
crease in the proportion of body fat mass [30].

The effect of dietary Se intake on body fat composition
has been suggested by data emerging from animal inter-
ventional experiments. Wang et al. showed that body weight
significantly decreased and the ratio of adipose tissue to body
weight fell when rats were supplemented with high doses of
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Se (200 ug/kg/day) [31]. This was due to a lipolytic effect in
adipose tissue in parallel with a hepatic storage of free fatty
acids. However, two small interventional studies in healthy
humans generated contradictory findings [23, 32]. In a
population of 54 normal-weight healthy volunteers, Hawkes
and Keim found no effect of high-dose Se supplementation
(297 ug/day) on body weight composition; in particular,
their body fat status changed in the same way as in indi-
viduals treated with a low-Se diet (14 yg/day) [32]. More
recently, a study conducted by Navas-Carretero et al.
showed that the consumption of Se-enriched chickens by 11
individuals did not determine any significant weight loss vis-
a-vis a group of 13 individuals who ate chickens not enriched
with Se [23]. The authors concluded that this lack of effect of
the Se-enriched diet was due to their population having
sufficient dietary levels of Se at the baseline and to the low
daily dose of Se (36.4 ug/day) added during the trial. In fact,
there was no difference in participants’ plasma Se levels
before and after the supplementation period. The role of Se
supplementation in lowering oxidative stress is actually only
manifest in populations with endemic Se deficiency, as re-
cently emphasized by several reports [33, 34].

To our knowledge, this is the first placebo-controlled
trial of Se supplementation conducted in individuals with
obesity. Our findings demonstrate that a high daily dose of
Se was able to enhance the effect of a balanced, slightly
hypocaloric diet by modifying body composition (reducing
fat mass and increasing lean mass) in overweight/obese
individuals from an area known to have a moderate Se
deficiency, consistently with other reports [15, 22, 24, 35].

For now, the mechanisms behind the beneficial effect of
dietary Se on body fat remain largely unclear. There are
nonetheless some clues pointing to a link between Se and
adipogenesis. Some previous studies applied Se in the dif-
ferentiation of primary pig and rat preadipocytes and
chicken embryonic fibroblasts, suggesting that Se may have a
proadipogenic potential [30, 36, 37]. A recent study by Kim
et al. showed that Se also inhibits adipogenesis by reducing
mRNA expression of peroxisome proliferator-activated re-
ceptor-y and fatty acid synthase. On the other hand, Se is
capable of activating the expression of transforming growth
factor-f3 [38]. But intraperitoneal injections of sodium sel-
enite were able to reduce abdominal fat accumulation and
adipocyte size in OLETF rats, stressing the antiadipogenic
role of Se in vivo [30,39]. Moreover, Pitts et al. demonstrated
that SelM, an endoplasmic reticulum-resident selenoprotein
with antioxidant properties, was highly expressed in a hy-
pothalamic area involved in energy metabolism and its
deletion resulted in elevated serum leptin levels, increased
adiposity, and hypothalamic leptin resistance [11]. On the
contrary, in humans, rare mutations in the selenocysteine
insertion sequence-binding protein 2, a protein required for
selenocysteine incorporation into selenoproteins, were
found to determine a multisystem selenoprotein deficiency
disorder with paradoxical symptoms with enhanced insulin
sensitivity and increased adiposity [40]. In summary, the
evidence suggests that certain selenoproteins may act to
promote adiposity and insulin resistance, while others may
protect against it [11].

In our study, Se supplementation seemed to have a
favorable impact on body mass remodeling, suggested by the
association between dietary Se intake and a decrease in leptin
levels in our Se-treated patients. It is well known that
physiological leptin signaling is essential in maintaining
body weight. Leptin resistance is a common characteristic of
diet-induced obesity, in which anorectic responses to leptin
are lower, and hyperleptinemia is a typical finding [4]. The
mechanism that leads to leptin resistance is still unclear.
Multiple factors, including inflammatory processes and
oxidative stress and type of diet, may play a part. Se sup-
plementation could therefore exert beneficial effects not only
in reducing peripheral and central leptin resistance (through
its antioxidant activity, by increasing selenoproteins activity,
and by interacting with inflammatory biomarkers), but also
may be via a direct effect on adipose tissue. However, in our
survey, no assessments were performed to demonstrate
improvement in antioxidant capacity in participants taking
Se; for that reason we could only speculate that Selenium’s
biological activity as an antioxidant could underpin the
effects mentioned above.

The glutathione antioxidant system might be implicated
in the pathophysiology of mood disorders, too. Support for a
role of the glutathione system in psychopathology comes
from clinical trials involving treatment with N-acetyl cys-
teine (NAC), an antioxidant drug precursor of cysteine and
glutathione: adjunctive NAC appears to be a safe treatment
that has efficacy for schizophrenia [41]. In addition, Se might
have protective role against neurodegenerative disease, like
Parkinson’s disease [42]. An optimal range of serum Se has
been found to be associated with a lower risk of depressive
symptoms too: higher Se levels correlated with lower scores
on a geriatric depression scale and a lower risk of de novo
major depressive disorders [5]. Prenatal Se supplementation
seems to protect against postpartum depression as well [43].
In a double-blind US study involving 11 men confined to a
metabolic unit for 120 days, low baseline dietary Se was
associated with poor mood; nevertheless, intervention with a
high Se diet of 356 ug/day for 99 days did not determine an
improvement in mood; it is possible that the psychological
effects of being confined may have counteracted any ben-
eficial effects of the Se supplementation [44]. In a trial of 50
British participants, Se supplementation with 100 ug/day for
five weeks determined improvement in depression, with a
greater effect in individuals with poorer dietary Se intakes
[45]. On the contrary, a larger randomised-controlled trial of
elderly participants in the UK did not show such effect [46].
Nevertheless, recently Pasco et al. supported the hypothesis
that lower dietary Se intakes increase the risk of de novo
major depressive disorder [42].

In our survey, using a recognized quality of life as-
sessment tool (the PGWBI), our study showed that Se
supplementation might improve the mood of overweight/
obese participants.

Our study suffers from several limitations that need to be
mentioned. First, being a preliminary study, our failure to
demonstrate any significantly greater weight loss in the Se-
treated patients than in the placebo group may be due to the
limited number of patients involved. A further, long-term Se



trial on a larger sample, with a sample size calculation, will be
needed to confirm our promising preliminary data. In
particular, it is fundamental to show that plasma leptin levels
continue to drop as the body mass composition improves
with Se supplementation. In addition, even if several studies
reported a moderate-low Se deficiency status in our country,
based on blood Se concentration, in our survey neither data
about plasmatic Se levels at the baseline nor food habits, for a
semiquantitative estimate of Se intake, were available to
confirm Se deficiency in our patient cohorts. Lastly, none of
our participants demonstrated any side effects following our
brief course of Se supplementation, but it will be necessary to
demonstrate that long-standing Se use has no adverse effects
in patients with obesity.

In conclusion, our study seems to support the conviction
that appropriate dietary Se supplementation may be useful
in combating obesity. It could prove a simple and cost-ef-
fective intervention for individuals with overweight and
obesity.
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