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Abstract

Selenium is a trace mineral that has been shown to have an important role in immune function and metabolism. It is involved in reducing inflammation from 
oxidative stress and free radicals. Insufficient selenium intake affects 1 billion people worldwide. Selenium deficiency symptoms are varied, however, most 
commonly reported are: depressed mood, confusion, muscle weakness, hair loss, and infertility. Despite selenium being a micronutrient, deficiency can have 
detrimental effect on patients either inducing autoimmune or pathogenic diseases. Currently, the most optimal approach to prevent the deficiency is through a 
balanced diet. Several studies have explored selenium supplementation to determine whether it can improve patients’ health and/or prevent reoccurrence of 
a disease. This review evaluates selenium, based on major body system diseases: skeletal, coronary, excretory and alimentary, cancer, HIV, AIDS, tuberculosis, 
etc., with discussion on the benefits of supplements.

INTRODUCTION
Selenium is an essential trace dietary element that is found 

in some grains, meats, dairy products, and seafoods [1]. It can act 
as an antioxidant and has been shown to slow the progression 
of certain diseases, in addition to strengthening the immune 
response [2]. The Food and Nutritional Board of United States 
Research Council recommends a daily intake of selenium of 
50-200 µg [3]. Selenium inadequacy has been shown to have a 
dramatic effect on both autoimmune and pathogenic diseases. 
Conversely, consuming excess selenium can lead to only some 
minor side effects, such as nausea, nail discoloration, and hair 
loss [4]. 

Selenium deficiency has been implicated in some rare chronic 
ailments, such as Kashin-Beck disease (KBD). KBD can develop 
due to low selenium and iodine in soil endemically, and this leads 
to chronic inflammation of some joints. It is most often found 
in agricultural areas, such as North Korea and central China. 
KBD was initially suspected to be due to hypothyroidism (low 
iodine), which alters the development of bones and muscles in 
children. However, low selenium consumption has also been 
associated with this disease. Iodothyronine deiodinases requires 
selenium to convert inactive thyroxine to the active forms of the 
thyroid hormones: T3 and T4. Selenium insufficiency has also 
been demonstrated to have neurological effects. In a double-
blind crossover study with 50 patients, 100 mg of selenium 

was supplemented daily for 5 weeks. Those with selenium 
supplements showed improved mood as early as 2.5 weeks into 
the study [5]. 

Individuals with low selenium levels have also been 
shown to make some individuals more vulnerable to various 
pathogens. In China, the relatively harmless Coxsackie B3 virus 
takes advantage of low dietary selenium to become virulent, 
causing cardiomyopathy in humans [6]. Outbreaks are typically 
controlled by simply adding more selenium to the soil and thus 
downstream into the diet. Another pathogen that relies on 
selenium deficiency is the human immunodeficiency virus (HIV). 
HIV can severely damage organs by increasing the production of 
reactive oxygen species (ROS), which subsequently attacks cell 
membranes, damages DNA, and causes cell death. Studies have 
shown that selenium supplements can slow the progression of 
HIV by working with glutathione peroxidase to convert these 
ROS into harmless products [4]. Selenium has also been shown to 
improve the CD4 count (T cell proliferation and differentiation) 
in HIV patients [7]. However, supplementation can promote HIV 
positive mother to transmit the virus to her child, by increasing 
genital tract shedding, intrapartum transmission, and breast milk 
transmission [8,9]. Herein, is an overview of the importance of 
selenium supplements and its effect on various autoimmune and 
pathogenic diseases.
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AUTOIMMUNE

Skeletal

Selenium insufficiency has been linked to cases of skeletal 
muscle myopathy. In a study conducted by Moreno-Reyes, 
selenium concentrations were measured in 557 children (age 
range: 5 - 15) in Tibet, where selenium deficiency is endemic. 
Among these, 28 (5%) had normal levels of urinary iodine (5 - 25 
µg/dL) while the remaining 529 (95%) were lower. Subjects with 
KBD had a significantly lowered urinary iodine concentration (1.2 
µg/dL vs. 1.8 µg/dL, p-value < 0.001) coupled with an extremely 
depressed selenium concentration. The selenium levels of these 
participants were documented at 38% with < 5 ng/mL, 50% 
with < 8.7 ng/mL, and 89% with <27 ng/mL (normal range: 60 
– 105 ng/mL) [10]. Traditionally, patients are required to have 
at least one of the following to be radiologically diagnosed with 
KBD: irregular erosions of the carpal or tarsal bones, irregular 
metaphyseal widening, irregular erosion of the metacarpal 
or metatarsal bones and phalanges, cone-shaped epiphyses 
of phalanges, fragmentation of the cone-shaped epiphyses, 
premature closure of metaphysis with subsequent shortening of 
metacarpal or metatarsal bones and phalanges, or talus collapse 
with osteosclerosis [10]. Among the participants, only 39 were 
radiologically diagnosed of KBD, with 21 of them having an 
undetectable selenium concentration of < 5 ng/mL (54%). The 
mean serum selenium and mean serum glutathione peroxidase 
concentrations were 7.7 ng/mL and 131 U/L, respectively; both of 
which were significantly lower than those in the controlled group 
(p value – selenium = 0.006, p value – glutathione peroxidase 
<0.001). 

Zidovudine (AZT) induced myopathy is a disease originating 
from long-term use of this drug to treat HIV/AIDS. This can lead 
to muscle wasting, myalgia, and fatigue. Chariot and Bignani 
examined selenium deficiency in 40 HIV-infected participants: 20 
with proximal myopathy symptoms and 20 without. Both groups 
were similar in age (25-68 years, mean: 37.4 and 24-61 years, 
mean: 35.5, respectively) [11]. The 20 HIV-infected participants 
with muscular symptoms had selenium concentrations notably 
lower than those without (0.25 –1.03 µmol/L vs 0.44 – 1.28 
µmol/L, respectively) [11]. [Of note, the normal range of selenium 
in the general population is 0.70–1.30 µmol/L [11]]. Twelve of 
the HIV-infected patients with muscle myopathy symptoms and 
two without, had selenium levels < 0.5 µmol/L. The authors 
speculated that selenium deficiency was possibly associated 
with this skeletal muscle disorder. In addition to eliminating 
ROS produced as a result of AZT’s induced myopathy toxicity, 
selenium also has an anti-inflammatory effect [11]. Hence, it 
was suggested that selenium supplementation could clinically 
improve the side effects of muscular symptoms in these patients 
[11]. However, no follow-up study was conducted in providing 
selenium supplementation for these 40 HIV-infected participants.

Fibromyalgia, a chronic musculoskeletal pain syndrome, 
has also been correlated with low levels of selenium. Reinhard 
comparing selenium concentrations in 68 patients with 
fibromyalgia (mean age of 47 years: 9 males, 59 females), and 
97 healthy volunteers (mean age of 46 years: 0 male, 97 females) 
[12]. There was a statistically significant difference in selenium 

levels between the 2 groups (p < 0.05). In the patient group, 
the median selenium concentration was 70.8 µg/l (range: 38.7–
153.7), while in the control, it was 76.9 µg /l (range: 49.5– 117.9) 
[12]. Despite their findings of a correlation between selenium 
levels and muscular pain, the researchers believed that more 
studies should be done on myopathy and selenium insufficiency 
due to potential inconsistencies.

A study conducted between 1974 and 1978 in New Zealand 
showed that selenium supplements did not in fact help with 
myopathy [4]. Here, 100 µg of selenium supplements were given 
to patients with selenium insufficiency and myopathy disorders 
in 3 different study trials. Even though there was a 16% difference 
between the two groups after selenium supplementation, this 
was deemed to not be a statically significant improvement in 
myopathy. Only 40 of the 72 patients recovered in the three trial 
groups (56%) while 19 of 48 patients recovered in the placebo 
group (40%) (p = 0.10) [4]. Ultimately, the authors stated that 
selenium had no benefit for patients with myopathy. 

The effect of selenium on Duchenne’s muscular dystrophy 
was also evaluated by Backman et al. They found that serum 
selenium concentrations were slightly lower when compared to 
healthy children of the same age (p < 0.05) [13]. Subsequently, 
they conducted a study where 1 mg sodium selenite (which 
is 5 times the recommended daily intake of 200 µg) was given 
daily to 2 groups with Duchenne’s muscular dystrophy with 
a bodyweight > 50 kg. Group A was composed of 10 boys that 
were non-ambulatory (age ranging from 5.8 – 12.6 years) while 
Group B was composed of 6 boys of which 5 were ambulatory at 
the beginning of the study, and 1 who had not been studied prior 
(age ranging from 4.5 – 13.5 years). Measuring muscle function 
of the participants after 6 and 12 months was done via manual 
muscle, dynamometer, functional, and cardiopulmonary tests, as 
well as CT scan. Blood tests were also assessed every 3 months. In 
Group A, the progression rate of the disease was steady, however 
in Group B the muscle deterioration rate accelerated during the 
study. Ultimately, the addition of selenium yielded no statistically 
significant benefits for their muscle disorders.

Coronary

As discussed prior, selenium has both antioxidant properties 
and immunomodulatory function that can aid in immune defense. 
Kuklinski evaluated 61 participants with acute myocardial 
infarction and evaluated the effects of selenium on QTc intervals. 
These participants were randomly assigned into either 1) a 
selenium group who consumed, 500 µg selenium with 100 mg 
Coenzyme Q10 upon administration and a daily dose of 100 
µg selenium with Coenzyme Q10 for 1 year thereafter, or 2) a 
placebo group. These 2 groups were distributed equally among 
age, gender, and medical therapy for cardiovascular diseases. In 
the control group, 40% had QTc prolongation of more than 440 
msec (p<0.001) with their mean QTc increasing from 415 ± 38 
to 448 ± 31 msec [14]. Conversely, the treatment group showed 
improved mean QTc with a decrease from 440 ± 61 to 391 ± 22 
msec (0<0.001) [14]. Twenty-seven participants in the treatment 
group showed shortened, and 5 participants showed stable QTc 
intervals. After a 1 year follow up, 6 participants from the control 
group died from a myocardial infarction while only 1 in the 
treatment group passed away, from a non-cardiovascular related 
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death. The authors concluded that selenium should be given to 
patients who are at risk for stable and unstable angina pectoris 
to prevent the development of worsening myocardial infarction. 

Another randomized controlled trial focused on 406 patients 
with acute myocardial infarction and unstable angina. The 
patients were divided into 2 groups with both being advised to 
follow a fat reduced diet under the recommendation of American 
Heart Association; specifically, substituting unhealthy foods 
with healthier options, such as fruits, vegetables, and grains 
products (which contain high levels of vitamins, selenium, and 
other minerals). Group A was more strictly enforced in following 
this diet than Group B. Following a 1-year checkup, Group A’s 
participants’ cholesterol, cardiac events, and cardiac deaths were 
significantly lower than Group B. Group A’s cholesterol fell by 
0.74 µmol/L, comparing to 0.32 µmol/L in Group B. Additionally, 
Group A’s events of cardiac complication was seen in only 50 
patients, compared to 82 in Group B (p>0.001). Finally, Group A’s 
mortality was recorded at 21 patients, compared to 38 in Group B 
(p<0.01) [15]. The authors suggested that both the combination 
of vitamins and a mineral rich diet, including selenium can 
significantly benefit patients with acute myocardial infarction.

Interestingly, a meta-analysis evaluated 16 trials with 
37,572 participants that were supplemented with an average of 
100 µg selenium daily for a medium span of 12 months, on its 
relationship with cardiovascular diseases. Selenium formulations 
were either L-selenomethionine, sodium selenite, or selenium-
enriched yeast. It was concluded that there was a significant 
association with a lowered risk of cardiovascular diseases if 
selenium were supplemented at concentration between 55-145 
µg /L daily. There was no correlation with cardiovascular disease 
events when participants were receiving either too low or too 
high levels of selenium [16]. 

Conversely, Stranges looked at 1004 patients living in low 
selenium areas in the eastern United States who were randomized 
equally according to their age, BMI, baseline plasma selenium, 
gender, and smoking status. A selenium supplementation of 
200 µg was supplied daily to patients who had no history of 
cardiovascular disease at baseline, but experienced major 
cardiovascular disease events [17]. After a 7.6 year follow up, 
Stranges concluded that there was no overall effect of selenium 
supplementation on cardiovascular disease prevention. There 
were 199 cardiovascular events, such as myocardial infarction 
and stroke (103 with selenium supplementation and 96 from 
placebo), as well as 71 cardiovascular-related deaths (40 with 
selenium supplementation and 31 from placebo). Of note, is 
that the amount of selenium administered was outside the 
range suggested by Zhang [16]. Regardless, there remains 
no recommendation for any treatment or prevention of 
cardiovascular diseases with selenium supplementation.

Excretory and Alimentary System 

As discussed prior, the antioxidant property of selenium 
plays many roles in protecting the immune defense system. 
During an illness, the body can produce more oxidative stress 
which can attack and overwhelm the immune response, but 
can be managed or keep under-controlled with vitamin E and 
selenium. Even during hemodialysis, organs and immune systems 

will undergo stress that can be measured in increased selenium 
concentrations. Non-dialyzed and hemodialyzed chronic kidney 
disease (CKD) patients have a significantly lowered plasma 
selenium concentration, by 12.5 - 44.1% compared to healthy 
individuals [18]. A clinical study by Taccone-Gallucci, compared 
the selenium concentrations of 103 patients, who were on 
hemodialysis for end stage renal disease (ESRD) and 69 healthy 
volunteers, to determine whether the chronic treatment of 
statins affect the body’s immune system via altering the levels 
of selenium [19]. The hemodialysis patients were divided into 
2 group: Group A included patients that were not on any statin 
treatments, while Group B included patients that had been on 
statins for at least 6 months. The selenium levels were statistically 
significantly lower in Group A than in the healthy volunteers of 
81.65 ± 19.66 µg/L compared to 96.47 ± 15.62 µg/L (p<0.004). 
Additionally, the selenium levels were statistically higher in 
Group B than Group A (111.83 ± 18.82 µg/L versus to 81.65 ± 
19.66 µg/L, respectively) (p<0.0001). Taccone-Gallucci proposed 
that statins have an indirect antioxidant effect that can be shown 
through the increased level of selenium.

 Insufficiency in antioxidant levels can negatively affect 
body organ activity functions. Czuczejko compared the level of 
selenium, glutathione concentration, and glutathione peroxidase 
(role in protecting cell membranes from oxidative damage) 
among 50 healthy volunteers and 123 impaired-liver patients to 
determine the impact of deficient antioxidant levels on patients 
with chronic liver disease. The 123 participants were further 
divided into 2 groups. Group 1 consisted of 59 patients aged 24-
85 years, mean aged 54 years with a chronic viral Hepatitis B or 
C infection. Group 2 consisted of 64 patients aged 17-83 years, 
mean aged 52 years with alcoholics, autoimmune, or cryptogenic 
chronic liver disease. The levels of selenium and glutathione in 
the blood and plasma were significantly lower in the 2 groups 
when compared to the healthy volunteers [20]. When compared 
between the 2 groups, Group 1 has higher selenium concentrations 
than Group 2 regardless of the alanine transaminase (ALT) levels, 
9.3 to 14.1% higher, respectively. Furthermore, the selenium 
concentration in patients from both groups with normal ALT ≤ 
40 U/L were significantly lower than patients with elevated ALT 
(> 40 U/L). These observations may suggested to demonstrate 
that the deficient antioxidant levels can increase ROS production, 
hence can impact the pathogenesis of chronic liver disease [20].

Cancer

The antioxidant property of selenium is hypothesized to 
produce a protective effect towards immune systems and organs, 
which benefit in preventing the development of cancer and its 
subsequent mortality. In a study conducted by Clark, 1312 
participants from 1983 to 1991 were evaluated to determine 
whether supplementing selenium prevented carcinoma 
progression in patients with a history of basal cell (BCC) or 
squamous cell carcinoma (SCC). The participants were recruited 
from 7 different dermatology clinics located throughout the US 
with a mean age of 63 years (range: 18-80). They were randomized 
into either a selenium treated (consuming 200 µg selenium oral 
daily) or placebo group, for 4.5 years. Patients were scheduled 
for dermatologic examination every 6 months and followed up 
for 6.4 years [21]. In the selenium treated group, there are 377 
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new cases of BCC and 218 new cases of SCC. In the placebo group, 
there are 250 new cases of BCC and 190 new cases of SCC [21], 
suggesting no benefits of the supplement. However, a significant 
reduction in other cancer incidences (colorectal, prostate, and 
lung) in the selenium treated compared to the placebo group, 
77 vs 119 patients was reported (p = 0.001) [21]. Additionally, 
a greater reduction in total cancer mortality was observed in 
the selenium group compared to placebo with 29 and 57 deaths, 
respectively.  The authors concluded that although the addition 
of selenium may not prevent patients from development skin 
cancer, it may reduce incidences and mortality from carcinoma 
at other sites.

A case-control study by Glattre et al., compared serum 
selenium levels in two groups: 43 thyroid cancer patients (12 
males and 31 females) and 129 cancer-free volunteers (3 controls 
per case with corresponding sex, age, place of residence, and 
year of blood sampling) [22]. The serum selenium (S-Se) of both 
groups was collected from JANUS Serum bank. Glattre identified 
that cancer patients had significantly lowered S-Se levels than 
the control group, with their chance of having thyroid cancer 
increasing by 7.7 times if it dropped below 1.25 mmol/L [22]. The 
authors suggested that selenium is an important biomarker to 
monitor the prediagnostic phase of thyroid cancer development. 

In another case-control study, Knekt et al., looked at the 
association of serum vitamin E and selenium levels among 
gastrointestinal cancer patients. These cases included: 
esophagus, stomach, duodenum, colon, and rectum cancer. 
During a follow up of 6-10 years, serum vitamin E and selenium 
levels were measured in 150 gastrointestinal cancer cases and 
276 control patients [23]. The mean selenium concentration was 
61.2 µg/L and 62.7 µg/L in men and women, respectively among 
gastrointestinal cancer patients. The control groups were 6% and 
4.1% higher in men and women, respectively, Knekt et al., found 
the strongest correlation in men with upper gastrointestinal tract 
cancer (esophageal and stomach), but no correlation in selenium 
levels and cancer among women, when adjusted for smoking, 
cholesterol, vitamin E, and ß-carotene. A higher concentration 
of selenium and vitamin E did not appear to be significant in 
protecting against colorectal cancer. The authors concluded that 
there may be a lower risk of upper gastrointestinal tract cancer 
progression in patients with higher levels of selenium, regardless 
of vitamin E levels. 

A study by Menkes et al., evaluated the relationship of vitamin 
A, ß-carotene, vitamin E, and selenium with respect to the risk of 
lung cancer. Serum samples from 99 patients with lung cancer 
from 1975-1983 were compared with 196 healthy volunteers. 
The results showed that increased levels of vitamins lead to a 
statistically significant lower risk of developing lung cancer. Low 
vitamin E levels showed a clear risk of lung cancer, regardless 
of selenium levels. Patients who had a low concentration of 
selenium (≤12.3 µmol/dL) and a low vitamin E level (<9.9 mg/L), 
showed a 1.4 times higher likelihood of having lung cancer 
[24]. Patients who had a high concentration of selenium (>12.3 
µmol/dL) with a low vitamin E level showed a 3.5 times higher 
likelihood of developing cancer (2.5 times increase in comparison 
to low selenium and low vitamin E). The positive correlation 
stayed consistent even when the vitamin E was lowered to the 

range of 9.9 to 12.6 mg/L. Conversely, the results showed the 
opposite when vitamin E concentration was high (>12.6 mg/L). 
With a high concentration of vitamin E, patients who also had 
a high level of selenium had a lowered risk of developing lung 
cancer compared to those having a low level of selenium. Menkes 
findings of the positive relationship between selenium and risk of 
lung cancer contradicts other studies’ results [25,26]. As no other 
study has been done in respective on selenium alone to show its 
association with lung cancer, it is difficult to confirm the positive 
linear relationship reported.

PATHOGENIC

HIV

Micronutrient deficiency is commonly seen during 
pregnancy, yet supplementation is not always the answer. 
Selenium supplementation for HIV-infected pregnant women has 
been reported to increase genital shedding, resulting in a higher 
risk of transmission to the fetus [29]. Sudfeld conducted a study 
from 2003 to 2006, on 420 HIV-infected pregnant women, with 
gestation at 12-27 weeks, on whether selenium supplementation 
can lead to HIV transmission through breast milk. Participants 
were divided into receiving either 200 µg of selenium and a 
placebo (209 and 211 patients, respectively), in addition to daily 
supplementation of ferrous gluconate, folic acid, 4 weekly dose 
of malaria chemoprophylaxis, and multivitamins (vitamin B, 
C, E) for prenatal care from the time of enrollment to 6 months 
postpartum. Detectable HIV-1 RNA in breast milk (>50 copies/ 
mL) was statistically significantly increased among HIV-infected 
pregnant women in the selenium supplemented group (76 of 
209, 36.4%) compared to the placebo group (58 of 211, 27.5%) 
(p=0.05) [8]. Among women who did not receive Highly Active 
Antiretroviral Therapy (HAART), selenium supplementation also 
led to significantly higher detectable HIV-1 RNA levels in breast 
milk compared to placebo (37.8% versus 27.5%, respectively) 
(p<0.01). The detectable viral load was more pronounced among 
primiparous women who did not receive HAART (53.1% versus 
23.6%, respectively) than multiparous (p<0.01). 

A study conducted by Kupka et al., examined 949 HIV-infected 
pregnant women with gestation at 12-27 weeks, in sub-Saharan 
Africa, on the association between plasma selenium levels with 
patient’s survival and CD4 count. With a 5.7-year median follow 
up, 306 patients passed away while the survivor’s mean plasma 
selenium level remained low at 1.58 ± 0.30 µmol/L [27]. The 
study showed a significant association between selenium levels 
and mortality risk, with each 0.1 µmol/L increase in plasma 
selenium concentration leading to a 5% decreased risk of 
mortality. High plasma selenium levels correlated to increased 
CD4 cell count in the first year of follow up (p=0.02). However, 
selenium did not prevent the ultimate progression of a low 
CD4 cell count < 200 cells/mm3 long term. Another study, also 
conducted by Kupka et al., on 913 HIV-infected pregnant women 
in Tanzania, contradicted his previous results. Here, selenium 
supplements did not correlate with HIV disease progression in 
regard to pregnancy outcomes [28]. The selenium treated group 
did not show any significant effect on the CD3, CD4, and/or CD8 
cell counts compared to placebo. No improvement on adults’ 
mortality rates was observed within this study [28]. Selenium 
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supplements did have an association with the risk of fetal loss 
before delivery, with 58 fetal deaths (35 from selenium group, 23 
from placebo group) (p=0.08) [28]. However, the risk of infant 
mortality after 42 days of delivery was significantly reduced, 
with only 8 deaths reported from selenium group compared to 
19 from the placebo group (p=0.048) [28]. 

A randomized controlled trial performed with 200 women 
in Kenya receiving nutrient supplements including B-complex 
vitamins, vitamins C and E, and 200 µg of selenium, and 200 
participants receiving placebo over a 6-week period was 
conducted [29]. The authors found a greater risk of vaginal 
shedding of HIV-1-infected cells (2.5 times), and higher HIV-1 
RNA quantity (0.37 log10 copies/swab) in vaginal secretion in 
the supplemented participants compared to placebo (p=0.001 
and p=0.004, respectively). Compared to placebo, more of the 
selenium-treated patients were found to have HIV-infected cells 
in their vaginal secretions (56 women (31.3%) vs. 20 women 
(16.9%), respectively). Subsequently, when excluding patients 
who were shedding vaginal infected cells at baseline, the 
micronutrient supplemented group still displayed a significantly 
higher incident of shedding (23.4%) compared to placebo (9%) 
(p=0.001). An increase in vaginal HIV shedding cells was the 

highest among patients with normal baseline selenium levels. 
Furthermore, higher HIV-1 genital secretions were associated 
with higher mother-to-child and sexual HIV transmission. 
Accordingly, supplementation of micronutrients, including 
selenium, in HIV-infected mothers showed an increased 
likelihood of infectivity. The study’s finding agreed with others’ 
that there was an increased risk of HIV-1 RNA shedding with high 
plasma selenium concentration (≥114 µg/l) [9] (Table 1).

However, selenium deficiency has been reported to be 
associated with increased mortality during HIV infection, 
while supplementation has been linked to morbidity reduction 
[30]. In a study carried out by Chariot et al., they reported that 
levels of selenium are impaired in HIV-infected patients [11]. 
Observational studies have shown that HIV-positive patients 
who are not receiving antiretroviral therapy (ART) usually 
display deficiency of micronutrients, including selenium, and 
this is associated with low CD4+ T-cell counts, worsening HIV 
progression, and mortality [31]. In a double blinded, placebo-
controlled trial conducted in Rwanda with 300 HIV-infected 
adults (CD4+ cell count between 400-650 cells/µl), 151 were 
assigned to receive 200 µg selenium and 149 to placebo, for 2 
years, with re-assessment scheduled every 6 months. The rate of 

Table 1: Outcomes of selenium supplementation based on study population with HIV/AIDS

Study size Outcomes Ref
420 HIV-infected pregnant women with gestation at 12-
27 weeks (209 patients received 200 µg of selenium, 211 

patients received placebo)

- Selenium supplementation increased detectable HIV-1 RNA levels 
in breast milk significantly. [8]

949 HIV-infected pregnant women with gestation at 12-27 
weeks in sub-Saharan Africa

- Mothers’ mortality risk was decreased in selenium group.

- Low CD4 cell count progression was not prevented in selenium 
group.

[27]

913 HIV-infected pregnant women with gestation at 12-27 
weeks in Tanzania

- No significant improvement on mothers’ mortality rates in 
selenium supplemented group.- No effect on CD3, CD4, and/or CD8 

cell count in selenium supplemented group. 

- Risk of fetal death before delivery was increased in selenium 
supplemented group.- Risk of infant mortality (42 days after 

delivery) was significantly reduced in selenium supplemented group.

[28]

400 HIV-1 infected women (200 patients received 
multivitamin including 200 µg selenium, 200 patients 

received placebo) over 6-week period

- Higher risk of vaginal shedding of HIV-1 infected cells in 
supplemented patients.- Higher HIV-1 RNA quantity in vaginal 

secretion in supplemented patients.
[29]

300 ART-naïve HIV-infected patients (151 patients received 
200 µg selenium, 149 patients received placebo) in Rwanda 

over 2-year period

- Significant reduction rate of CD4+ cell depletion in selenium-
treated group. [31]

196 HIV-positive patients - Higher hospital administration for opportunistic infections and 
HIV-related conditions in placebo-treated group. [32]

125 HIV-infected drug users in Miami - Increased risk of HIV-related mortality in selenium deficient 
patients. [33]

95 HIV-infected patients
- Low selenium were correlated with low CD4 cell count.- Low 

selenium and CD4 cell counts were also correlated with death and 
occurrence of AIDS-defining opportunistic infections.

[34]

12 patients with AIDS, supplemented with selenium - No improvements in CD4 cell counts in selenium supplemented 
group. [35]

19 symptomatic HIV-infected male patients with AIDS or 
ARC coinfection supplemented with 400 µg selenium daily 

for 70 days

- Overall health improvements in majority of selenium supplemented 
patients. [36]

63 HIV-infected drug users (28 patients received 200 
µg/day, 35 selenium, 35 patients received placebo) over 

12-month period

- Significant less decline of CD4 cell count in selenium arm.- 
Psychological improvements in selenium arm. [37]
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CD4+ cell depletion significantly reduced in the selenium-treated 
group by 43.8% from a mean of 3.97 cells/µl compared to 2.23 
cells/µl per month in the ART-naïve HIV patients [31]. Thus, 
supplementation of selenium offered a low-cost alternative for 
HIV-positive patients to slow the progression of the disease prior 
to the introduction of ART. 

Burbano conducted a randomized, double-blinded study with 
196 HIV-positive patients to compare the hospital admission 
rates among selenium supplemented patients versus placebo, 
evaluating problems related to opportunistic infections, 
psychiatric diagnoses, and other HIV-related conditions [32]. 
This 2-year study enrolled 186 patients randomized into either 
selenium supplemented group (89) receiving 200 µg/day, or a 
placebo group (97). Over the 2-year course, 58 patients were 
hospitalized (26 from selenium, 32 from placebo) for multiple 
diagnosis: opportunistic infection, HIV-related conditions, 
psychiatric, drug-abused related problems, etc. Higher hospital 
administration for opportunistic infections and HIV-related 
conditions was observed in the placebo group compared to 
the selenium supplementation arms than the selenium (94% 
vs. 42%, respectively) (p=0.01). Independent from patients 
receiving ART, hospitalization occurred significantly higher in 
placebo-treated patients compared to selenium-treated (34% 
vs. 10%, respectively) (p=0.04). The authors concluded that 
supplementation of selenium can help decrease total hospital 
admission rates, hence decreasing the cost of hospitalization for 
HIV patients [32].

The decline of selenium serum concentrations is hypothesized 
to accelerate HIV viral replication and disease progression [33]. 
A study looking at 125 HIV-infected drug-users in Miami, over a 
period of 3.5 years, evaluated the impact of poor overall nutrient 
status on patient’s survival. It was reported deficiencies in vitamin 
A, B6, B12, zinc, and/or selenium influenced the progression of 
HIV-1 disease and mortality. With selenium deficiency, patients 
were 10.8 times more likely of having HIV-related mortality, 
independent of other factors, such as nutritional deficiencies 
and HAART treatment (p<0.002) [33]. Therefore, the author 
suggested that the decline in selenium levels is a significant 
predictor of mortality in HIV-infected patients. 

Another study conducted with 95 HIV-infected patients, 
divided into 4 groups according to their CD4 cell counts (<50/
mm3, 50-200/mm3, 200-400/mm3, >400/mm3), examined the 
correlation between selenium deficiency and death [34]. Low 
selenium correlated with CD4 cell counts. During a follow-up, 
serum selenium and CD4 cell count were found to be correlated 
with death and the occurrence of AIDS-defining opportunistic 
infections [34]. It was concluded that in patients with low 
selenium levels, there is a further impact on their CD4 cell 
count and health. However, these findings contradicted a study 
conducted by Cirelli et al. [35]. Similar to the previous study, low 
serum selenium levels were lower in HIV/AIDS patients, while 
normal in symptom free HIV-positive patients. However, with the 
twelve patients who were supplemented with selenium showed 
no improvement in CD4 cell counts [35].

In another study conducted by Olmsted et al., 19 symptomatic 
HIV-infected male patients with AIDS or AIDS-related complex 
(ARC) coinfection were supplemented daily with 400 µg selenium 

for 70 days to examine their intestinal absorption ability [36]. 
The majority of patients displayed an increased blood selenium 
level (74%), with 1 patient reported worsening of his/her health, 
and another 4 reporting no change. Patients with increasing 
selenium levels also reported improvements with their overall 
health, including improved appetite, memory, and mood, as well 
as lessened relapse occurrence. Olmsted findings highlighted 
that selenium absorption is not hindered in HIV/AIDS patients 
and could further benefit those by improving the quality of life, in 
addition to lowering HIV viral load and CD4+ cell count reduction 
[36]. 

Yet another study randomized 63 HIV-infected drug users 
into, supplementation of 200 µg/day selenium or placebo for 
12 months [37]. Over the course of follow-up, selenium treated 
patients had higher plasma selenium concentrations than placebo 
(123.5 ± 23 mg/L vs. 108.7 ± 15mg/L, respectively) (p=0.002). 
Patients in the selenium arm also exhibited significantly less 
decline in CD4 cell count compared to placebo-treated patients 
(15% vs. 53%, respectively) (p=0.002). Additionally, selenium 
treated patients also reported improvements in psychological 
outcomes, such as increased “vigor” and decreased anxiety 
compared to placebo [37]. However, improvements of depression 
or distress was not reported in either group. 

Tuberculosis

Tuberculosis (TB) is an infectious lung disease that is 
estimated to kill 2 million people annually [38]. Arising from 
the infection, inadequate nutrients are commonly seen in 
tuberculosis patients. Poor nutrients may further increase the 
risk for patients in progressing into the active stage of infection 
and delay the recovery period. Many immunocompromised HIV-
1 infected patients are at high risk for opportunistic infections 
due to a weakened immune system. Selenium has been shown 
to support T-cell proliferation and differentiation. Selenium may 
also play a role in clearing TB infections within HIV patients 
[39]. It has been suggested that micronutrients need to be 
supplemented to counterbalance the reactive oxidative stress 
caused by HIV and/or TB infections. From 1999 to 2001, Shor-
Posner conducted a study comparing 12 cases of HIV-infected 
drug abusers (including crack, cocaine, marijuana, and heroin) 
that later developed a mycobacterial infection (9 were infected 
with TB and 3 were infected with atypical mycobacterium 
species) to 32 healthy volunteers. Of these 12 cases, 8 were 
placed in a placebo group, while 4 on selenium supplementation 
of 200 µg /d for 24 months. The authors concluded that patients 
having high CD4 cell count (> 200 mm³), malnutrition (serum 
albumin level ≤ 3.5 g/d), and low selenium level (≤ 135 µg /L) 
had to a significant risk for the development of mycobacterial 
infection. Specifically, HIV patients with low plasma selenium 
levels were 13 times more likely of develop a mycobacterial 
infection compared to those with regular selenium levels. It was 
concluded that selenium supplementation of 200 µg /d can delay 
the development of mycobacterial disease progression.

Another study revealed that low levels of selenium can also 
increase the risk of developing a mycobacterial infection among 
HIV patients. Patients with a TB infection, especially those co-
infected with HIV, usually display malnutrition and wasting. 
Hence, the authors conducted a cross-sectional study comparing 
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Table 2: Outcomes of selenium concentration based on disease states.

Disease state Outcomes Ref.
Kashin-Beck disease (KBD) - Significantly lower iodine and selenium concentration in subjects with KBD compared to control. [10]

Myopathy
- Lowered selenium concentration in HIV-infected patients zidovudine-treated with muscular myopathy 

symptoms compared to those without symptoms.
- Selenium supplementation did not show improvements in patients with myopathy. 

[4,11]

Fibromyalgia - Significantly lowered selenium levels in patients with fibromyalgia compared to healthy volunteers. [12]
Duchenne’s muscular 

dystrophy (DMD) - Selenium supplementation yielded no statistically significant benefits for patients with DMD. [13]

Myocardial Infarction 

- Supplementation of selenium decreased or stable QTc intervals among participants with acute 
myocardial infarction.

- Significantly lowered cholesterol, cardiac events, cardiac deaths among patients with acute myocardial 
infarction and unstable angina who strictly followed healthier diets (rich in minerals, including 

selenium) compared to patients who did not.
- Selenium supplementation prevented cardiovascular-related death compared to control group.

- Significantly lowered risk of cardiovascular disease with daily mean of 100 µg selenium 
supplementation.

- No overall benefits with 200 µg selenium supplements on cardiovascular events prevention 
(myocardial infarction, stroke, cardiovascular-related deaths) 

[14-17]

Renal Disease

- Significantly lowered plasma selenium concentration among patients with non-dialyzed or 
hemodialyzed CKD compared to healthy volunteers.

- Statistically significantly lowered selenium levels among patients on hemodialysis for ESRD with no 
additional statin therapy compared to healthy volunteers or those who are on statin therapy. 

[18,19]

Liver Disease

- Significantly lowered selenium concentration in blood and plasma among patients with chronic viral 
Hep B and/or C or chronic liver disease compared to healthy volunteers.

- Higher selenium concentration among patients with chronic viral Hep B and/or C compared to patients 
with cryptogenic chronic liver disease, regardless of ALT levels.

- Significantly lowered selenium concentrations in patients with chronic liver diseases with normal ALT 
≤ 40 U/l than with elevated ALT > 40 U/l.

[20]

Carcinoma (BCC and SCC)
- Higher new cases of BCC and SCC of selenium supplementation with daily administration of 200 µg 

compared to placebo.
- Greater reduction in total cancer mortality in selenium-treated group.

[21]

Thyroid Cancer
-Significantly lowered serum selenium in thyroid cancer patients compared to healthy volunteers.

- Higher chance for patients of having thyroid cancer (7.7 times) if selenium level dropped below 1.25 
mmol/L.

[22]

Gastrointestinal Cancer

- Higher risk of developing upper gastrointestinal cancer among subjects with low level of selenium, 
especially in men when adjusted for other factors (smoking, cholesterol, vitamin E, and ß-carotene). 
- Higher concentration of selenium did not appear to be significant in protecting against colorectal 

cancer.

[23]

Lung Cancer - High concentration of selenium (>12.3 µmol/dL) with low vitamin E showed a 3.5 times higher chance 
of developing lung cancer (2.5 times higher compared to low selenium concentration (>12.3 µmol/dL). [24]

Human Immunodeficiency 
Virus Infection

- Among HIV infected pregnant women, selenium supplementation increased detectable HIV-1 RNA 
levels in breast milk and vaginal secretion, increased fetal death before delivery, while reduced infant 

mortality (42 days after delivery).
- Contradicting of mothers’ mortality risk with selenium supplementation.

- Among HIV infected patients, selenium deficiency showed to increase risk in mortality. Hence, patients’ 
overall health (including mental health) was improved with supplementation. 

- Low CD4 cell count progression was not prevented/ shown to be affected in selenium group among 
HIV-infected mothers.

- Contradicting of CD4 cell counts results among selenium treated patients.

[8, 27-37] 

Tuberculosis infection

- HIV patients with low plasma selenium levels were 13 times more likely of develop a mycobacterial 
infection compared to those with regular selenium levels.

- Significant decrease in selenium concentration with an increase of plasma HIV load in non-wasted 
and severely wasted patients co-infected with tuberculosis, yet no association with mild and moderate 

wasting was observed.
- Significantly lowered serum selenium level among patients with tuberculosis with or without HIV co-

infection, compared to healthy volunteers.

[30,38,39]

Helicobacter pylori infection
- Plasma selenium concentration was not affected in patients with H. pylori infection. 

- No evidence showing selenium supplementation can help in preventing H. pylori infection nor gastric 
cancer.

[38]

Escherichia coli infection

- Selenium supplementation in conjunction with ciprofloxacin showed a better efficacy than 
ciprofloxacin alone in preventing the development of E. coli-infected bacterial prostatitis in rats.

- Cattle with selenium deficiency showed to be at a higher risk for E. coli and Staphylococcus aureus 
infection.

[38]
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the plasma HIV load and plasma micronutrient concentrations 
(retinol, α-tocopherol, carotenoids, zinc, and selenium) in 579 
HIV-positive and 222 HIV-negative patients with pulmonary 
TB in Malawi [30]. Selenium deficiency was compared at 
different levels of wasting throughout the study. The selenium 
concentration showed a significant decrease with an increase 
of plasma HIV load in non-wasted and severely wasted patients 
with TB, yet no association with mild and moderate wasting 
was observed. Lettow concluded that selenium deficiency is 
associated with a high plasma HIV load in patients coinfected 
with pulmonary TB. However, the authors were unsure whether 
the addition of selenium alone could benefit in either morbidity 
or mortality.

Steinbrenner conducted a meta-analysis of 4 studies (2 each 
from Africa and Asia) and highlighted that patients with TB 
had a significantly lower serum selenium levels, compared to 
healthy volunteers [38]. According to 1 study, serum selenium 
levels were low in both HIV- negative and -positive patients with 
a TB infection [40]. However, two other studies found serum 
selenium concentrations to be lower in TB patients coinfected 
with HIV [41,42]. One study observed an increase in selenium 
levels after chemotherapy in patients, while the others did not 
see any changes [43]. Hence, the effect of selenium concentration 
on tuberculosis patients was deemed to be uncertain [38]. In 
addition, Steinbrenner also noticed a peculiar side effect of 
weight gain in patients who were supplemented with multi-
micronutrients after chemotherapy [38]. 

Others

Beyond human immunodeficiency virus (HIV), micronutrients 
deficiency was also commonly seen in patients with Helicobacter 
pylori (H. pylori) infected patients. However, plasma selenium 
concentration was not affected in these patients, even once after 
H. pylori infection is eradicated. There was no evidence showing 
selenium supplementation helped in preventing H. pylori 
infection nor gastric cancer [38]. Selenium was also observed 
to show benefits for other gram-negative bacteria infections 
specifically, Escherichia coli (E. coli). Selenium supplementation 
in conjunction with ciprofloxacin showed a greater efficacy 
compared to ciprofloxacin alone in preventing the development 
of E. coli-infected bacterial prostatitis in rats [38]. Furthermore, 
cattle with selenium deficiency showed to be at a higher risk for 
E. coli and Staphylococcus aureus infection. Selenium with vitamin 
E supplementation among cattle showed benefits by improving 
the neutrophils’ intracellular killing mechanism against these 
pathogens [38] (Table 2). 

CONCLUSION
Selenium is an essential micronutrient in our immune system 

that possesses antioxidant properties to protect organs against 
excess ROS, that could potentially lead to significant health 
concerns. Selenium insufficient is a notably the culprit leading 
to many disease complications, such as Kashin-Beck disease, 
Duchenne’s muscular dystrophy, and even thyroid cancer. Hence, 
selenium supplementation has been suggested to benefit the 
patient at risk to prevent the progression of these diseases and 
further support the patients’ immunity.  

However, selenium supplementation has also yielded 
contradicting outcomes among different disease states, and 
even within a certain disease state. Therefore, more detailed 
research trials should be conducted before a conclusion and 
recommendations can be made regarding the benefits and/or 
detrimental effects of selenium supplementation. As an example, 
within the HIV-positive patient population, low plasma selenium 
concentration has been correlated with higher incidence of 
reoccurrence and/or mortality. Selenium supplementation 
displays further benefits through better health outcomes, 
including less hospital adminissions. Conversely, specifically 
with HIV-infected mothers, it is important that selenium 
supplementation is not recommended due to an increased risk 
of infectivity to their offspring and risk of infant mortality. This 
contradiction on the benefits of selenium within this single 
disease state highlights the necessity for further studies on the 
use of this micronutrient. 
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