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Abstract

Objective: To examine the effects of selenium supplementation on pregnancy out-comes and 

disease progression among HIV-infected pregnant women in Lagos.

Methods: A randomized, placebo-controlled trial conducted among HIV-positive pregnant 

women between September 2018 and August 2019. At enrollment, 90 women were randomly 

assigned into each treatment arm to receive either a daily tablet of 200 μg elemental selenium or a 

placebo. Relevant participants’ sociodemographic and clinical data were collected at enrollment 

and delivery.
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Results: Women in the selenium arm had a significantly lower risk of preterm delivery (relative 

risk [RR] 0.32, 95% confidence interval [CI] 0.11–0.96) and a non-significant reduction in the risk 

of delivering term neonates with a low delivery weight (RR 0.24, 95% CI 0.05–1.19). 

Supplemental selenium does not increase the risk of perinatal death and adverse drug events.

Conclusion: The study reported a beneficial effect of prenatal selenium supplements on the risk 

of preterm delivery with no further reduction in risk among HIV-infected women who used the 

supplements for more than 14 weeks.

Trial registration: Pan African Clinical Trial Registry (PACTR201809756724274).
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1 | INTRODUCTION

Micronutrient deficiencies are common among pregnant women from economically 

disadvantaged settings where diets with low content of minerals and vitamins are consumed. 

Pregnant women and their children under-5 are at the highest risk.1 Selenium, a non-metallic 

chemical element of great importance to human health,2 is one of the key components of 

several human selenoproteins that are involved in redox reactions.3 Selenium is an 

antioxidant that helps to protect the body against the damaging effects of free radicals and it 

is essential for the activity of the enzyme glutathione peroxidase.4 Glutathione peroxidase is 

the main intracellular antioxidant that protects against reactive oxygen species and 

subsequent oxidation-induced cellular damage.4,5 Biochemical selenium deficiency has been 

associated with accelerated disease progression6 and increased mortality7 among HIV-

infected humans. These may be attributed to the role of selenium in antioxidant defense and 

immunity.8 We previously reported a 20.4% prevalence of selenium deficiency among HIV-

positive Nigerian pregnant women, and that low selenium status in HIV-infected women 

significantly increased the risk of preterm birth and the delivery of low birth weight 

neonates.9 Several studies have also reported low selenium status in a significant proportion 

of HIV-infected individuals, and serum selenium concentration has been shown to decline 

with HIV disease progression.10

Data on the selenium content of Nigerian or African foods is limited. The selenium content 

of plant foods varies with the selenium content of the soil in a geographical location.11 The 

Recommended Dietary Intake (RDI) of selenium for pregnant women is 60 μg/day and its 

upper tolerable intake for adults is set at 400 μg (5.1 μmol) selenium/day.11 Given the high 

upper tolerable intake and the regulation of body homeostasis through urinary excretion, 

selenium supplementation is regarded as a safe intervention.11,12 There are currently few 

studies among pregnant HIV-infected Black African women that have examined the effects 

of selenium supplementation on pregnancy outcomes. This study is, therefore, aimed to 

assess the effects of prenatal selenium supplementation on the major pregnancy outcomes 

(preterm birth and low birth weight) and HIV disease progression among HIV-infected 

pregnant women at the Lagos University Teaching Hospital (LUTH), Lagos, Nigeria.
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2 | MATERIALS AND METHODS

This is a prospective, randomized, double-blind, placebo-controlled trial involving 

confirmed HIV-seropositive pregnant women who sought care at the prenatal clinics of 

LUTH. The Health Research Ethics Committee of LUTH’s Institutional Review Board 

granted ethical approval and provided the oversight function for the study. The trial protocol 

was registered, modified, and updated for completion on the Pan African Clinical Trial 

Registry (PACTR201809756724274). The detailed protocol is published elsewhere13 and 

some of the details are described below.

Participants were enrolled in the trial between September 1, 2018 and April 31, 2019 

(modification of the trial protocol).13 Participation was voluntary and eligible participants 

enrolled in the study were confirmed HIV-seropositive pregnant women aged 15–49 years 

with a singleton pregnancy at 14–27 weeks of gestation. Women who had multiple 

gestations, significant renal and hepatic impairment, those with an expected delivery date 

beyond July 2019 (modification of the trial protocol),13 those who had received a long 

course (at least 3 months) of mineral supplements containing selenium in the last 6 months 

before enrollment, and those who refused consent at enrollment were excluded from the 

study. Before participant enrollment, ethical approval was obtained from the study hospital’s 

Health Research Ethics Committee (Approval Number, ADM/DCST/HREC/APP/2438). 

The ethical principles of the Helsinki Declaration were applied throughout the course of the 

study. All participants were counseled before enrollment and read and signed an informed 

consent form. The investigators ensured strict confidentiality of participant information. The 

study sponsor had no role in the study design, data collection, data analyses, data 

interpretation, or writing of the report.

The primary end points examined were preterm birth (delivery before 37 completed weeks 

of pregnancy) and low birth weight in term neonates (baby’s birth weight less than 2500 g) 

whereas the secondary end points were HIV disease progression (change in CD4+ cell count 

and viral load), change in hemoglobin concentrations, adverse events such as hepatotoxicity, 

gastrointestinal disturbances, dermatologic effects (nail and hair loss, and dermatitis), and 

neurotoxicity, and perinatal mortality (stillbirths and neonatal deaths in the first week of 

life).

Sample size was calculated using the data derived from our previous study on the effects of 

selenium status on the pregnancy outcome of HIV-infected pregnant women9 and a 

randomized controlled trial on the effect of selenium supplementation on pregnancy 

outcome by Kupka et al.14 To investigate the effect of selenium supplementation on the 

primary end point (preterm delivery) and the major secondary end point (HIV disease 

progression), we used an estimated weighted effect size of 0.3 for a two-sided test and type I 

error rate of 5% to achieve a power of 80%, that is, Zα = 1.96 and Zβ = 0.84, adjusted for a 

20% drop-out rate to give a sample size of 179. Therefore, a total sample size of 180 HIV-

infected pregnant women was enrolled in the study and they were randomly assigned using a 

1:1 block randomization code generated from Random Allocation software version 1.0 (May 

2004) to receive a daily oral tablet of 200 μg elemental selenium or placebo for the duration 

of their pregnancies.
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Data collection began on the day a participant was assigned into a treatment arm and 

continued until the termination of the trial at delivery or until the participant withdrew from 

the trial at any time for any reason (Figure 1). Using a structured interviewer-administered 

questionnaire at enrollment, we collected data on the participant’s sociodemographic status 

and obstetric history, duration of HIV diagnosis (in months), WHO clinical stage of the 

disease,15 type and duration of antiretroviral treatment use (in months), baseline hemoglobin 

levels (in g/dl), CD4+ cell count (in cells/mm3), viral load (in copies/ml), and body mass 

index (BMI; calculated as maternal weight [using the actual pre-gestational or first-trimester 

measurement] in kilograms divided by the square of height in meters). Gestational age was 

based on the date of the participant’s last menstrual period, which was obtained at the time 

of random assignment whereas the participants’ socioeconomic classes were determined 

using the women’s educational levels and their partners’ occupations as proposed by 

Olusanya et al.16 The woman’s level of education was scored as: 0, tertiary education; 1, 

secondary level; and 2, primary education or less; and the husband/partner’s occupation was 

scored as: 1, professional; 2, semi-skilled; and 3, unskilled. The sum of both scores gave the 

socio-economic class of the woman. Class 1 represents the highest while Class 5 represents 

the lowest socioeconomic class with Class 2, 3, and 4 in between. All women received the 

standard prenatal doses of iron, folic acid, and malarial chemoprophylaxis.

Allocation concealment was as described in the study protocol.13 The randomization codes 

were generated from Random Allocation software version 1.0 (May 2004) by the study 

statistician. The active drug (selenium) and placebo tablets were indistinguishable in shape, 

size, and color, and were packed in identical coded transparent dispensing sachets by the on-

site pharmacy technician, who then stored the coded randomization list in sequentially 

numbered, opaque, sealed envelopes that were kept in a locked filing cabinet at the study site 

until the end of the study. At every 2-weekly follow-up visit, a newly filled dispensing sachet 

with the same numeric code was given to each woman and pills remaining in used sachets 

were counted to assess compliance. The study investigators, clinic staff, and participants 

were blinded to the treatment arms.

At delivery, data were collected from the participant’s case notes on the most recent CD4+ 

cell count and viral load (performed within the last 6 weeks), and the most recent 

hemoglobin levels. The total duration of supplement intake—selenium or placebo—in 

weeks, level of compliance with use of the intervention (good compliance level is defined as 

usage of at least 10 of the 16, 2-weekly prescribed tablets), gestational age at delivery (in 

weeks), and the baby’s birth weight (in grams) were also recorded. Original data were 

transferred to an electronic database system located in a guarded facility at the trial site by 

the research assistant. Access to the study data was restricted with the principal investigator 

having access to only the final data set. An independent steering committee monitored and 

ensured strict compliance with the study protocol.13

Statistical analyses were carried out using SPSS version 23.0 for Windows (IBM) and the 

intention-to-treat principle was used in the outcome data analyses. Quantitative data were 

tested for normality using the Kolmogorov-Smirnov test with Lilliefors significance 

correction and log transformation (log10) was performed on maternal CD4+ cell counts and 

viral load. The associations between any two groups of continuous variables were tested 
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using the independent sample t-test (normal distribution) or the Mann-Whitney U test 

(skewed data) and that of two groups of categorical variables with χ2 or Fisher exact test 

where appropriate. Multivariate analyses using the multinomial logistic regression model 

were used to assess the association between the treatment and the study end points. Variables 

with p less than 0.2 were included in the final multivariate analyses and their interaction 

effects on the study end points were estimated as relative risk (RR). The mean differences 

for maternal hemoglobin concentration, CD4+ cell counts, and viral load in between 

treatment arms were estimated using the linear mixed models for repeated measurements. 

Point estimates of post-randomization change in values and 95% confidence intervals (CIs) 

directly modelled the difference between repeated measures. The level of significance was 

reported at P less than 0.05.

3 | RESULTS

Initially, 180 HIV-infected pregnant women at 14–27 weeks of singleton pregnancies were 

enrolled and randomly assigned to the treatment arms. At the time of random allocation, the 

mean age of the participating women was 29.7 ± 6.0 years and the mean length of pregnancy 

was 19.5 ± 4.0 weeks. There were no significant differences in the baseline characteristics of 

the two treatment arms (Table 1).

Of the 180 women randomized, eight withdrew their consent during the study for personal 

reasons, two experienced mid-trimester pregnancy losses, one died before delivery, seven 

were lost to follow up, and four did not have any available data on their pregnancy outcomes 

and HIV disease progression (12 in the selenium arm and 10 in the placebo arm; P = 0.649) 

(Figure 1). The median follow-up period from randomization to delivery among the 

participants was 17 weeks (interquartile range 14–21 weeks).

Of the randomized women, 19 (10.6%) had preterm deliveries with an incidence of 5.6% (n 
= 5) in women in the selenium arm compared with 15.6% (n = 14) in women in the placebo 

arm (P = 0.091). Among the 161 women who had term deliveries, 9 (5.0%) had neonates 

with a low delivery weight with women who had prenatal selenium supplementation having 

an incidence of 2.4% (n = 2) compared with 9.2% (n = 7) among those in the placebo arm (P 
= 0.167). We recorded 4 (2.2%) perinatal deaths and 34 (18.9%) women with various 

adverse drug events in the study. However, the use of selenium supplements had no 

statistically significant effects on the risks of perinatal death (P = 0.932) and adverse drug 

events (P = 0.898) (Table 2).

On performing the multivariate analysis of all variables at end-line, mothers on prenatal 

selenium supplements have a statistically significant lower risk of preterm delivery 

compared with women in the placebo arm (RR 0.32, 95% CI 0.11–0.95; P = 0.039). We also 

recorded that the use of prenatal supplemental selenium tablets for at least 14 weeks 

decreased the risk of preterm delivery three-fold (RR 0.32, 95% CI 0.11–0.86; P = 0.025). 

However, with further interaction analysis between treatment type and duration of use of 

treatment, the use of selenium supplements for a minimum duration of 14 weeks did not 

have any influence on the risk of preterm delivery (Table 3). The use prenatal selenium 
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supplements had no statistically significant effect on the risk of delivery of a low birth 

weight neonate at term (RR 0.24, 95% CI 0.05–1.19; P = 0.080) (Table 4).

In Table 5, we report that selenium supplementation had no statistically significant effect on 

the change in the levels of hemoglobin concentrations between enrollment and delivery 

(mean difference 0.112, 95% CI −0.380 to 0.605; P = 0.653). Antenatal use of selenium 

supplements also had no significant effects on the levels of HIV disease markers between 

enrollment and delivery (CD4+ cell count, P = 0.326 and viral load, P = 0.230).

4 | DISCUSSION

In this randomized controlled trial, the use of prenatal selenium supplements in HIV-infected 

Nigerian women did not have significant effects on HIV disease progression. However, there 

was a statistically significant decrease in the risk of preterm delivery in women who received 

selenium supplements in pregnancy and this effect was further accentuated by the use of the 

supplements for a minimum duration of 14 weeks.

We reported only one maternal death in the course of this study. There were also four (2.2%) 

perinatal deaths reported, equivalent to 25.3 deaths per 1000 total births, and this is 

significantly lower than the national perinatal mortality rate of 41 deaths per 1000 births in 

2013.17 These findings were, however, not surprising because all the women randomized in 

the study were booked prenatal clients of the hospital, who were most likely exposed to 

routine effective prenatal interventions such as health promotion, risk assessment, and 

prevention and prompt treatment of all pregnancy-related conditions. We could not attribute 

these reduced maternal and perinatal deaths to the intervention assignment as our study was 

not powered primarily to detect these effects.

Nutritional deficiencies are common among individuals with HIV infections because of 

factors such as the oxidative state induced by the virus, malabsorption, metabolic alterations, 

gut infections, and gut barrier dysfunction produced by chronic HIV infection.18 Our 

previous study9 and other epidemiological studies19,20 have shown that HIV infection is 

associated with low selenium status. The lack of effects of prenatal selenium supplements on 

most of the pregnancy outcomes and HIV disease progression in this study was corroborated 

by another randomized controlled trial conducted by Kupka et al.14 in Dar es Salaam, 

Tanzania. This is despite our previous study in the same setting in Lagos reporting a 

relatively high prevalence of selenium deficiency (20.4%) among HIV-seropositive pregnant 

women.9 There are several possible explanations for this lack of effects. It is possible that 

the selenium supplement is only effective among patients with advanced HIV disease but 

participants in these trials were primarily in the asymptomatic early stage of the disease. The 

beneficial effects of high selenium supplement use may also be confounded significantly by 

the optimal markers of HIV disease and progression at enrollment and delivery in this study. 

However, in contrast to our current study and that of Kupka et al.,14 Hurwitz et al.6 reported 

in their randomized, placebo-controlled trial conducted in Miami, Florida that the use of 

daily selenium supplements in HIV-1-seropositive men and non-pregnant women can 

suppress the progression of HIV-1 through a reduction in viral load and an increase in CD4+ 

cell count. Also, conversely to our study, a recent Norwegian prospective population-based 
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cohort study by Barman et al.21 in pregnant women regardless of their HIV-status showed 

that maternal dietary selenium intake, but not supplemental selenium intake, during the first 

half of pregnancy was significantly associated with a decreased risk of preterm delivery. 

Prelabor rupture of the membranes is the cause of about one-third of all preterm births,22 so 

the finding that selenium supplementation (100 μg/day) effectively reduces the incidence of 

prelabor rupture of the membranes in a 2010 study by Tara et al.23 among primigravid 

pregnant women was similarly supported by our present study. This indicated an effect that 

may be attributable to the anti-inflammatory and antioxidant properties of this important 

trace element.24

Our study reported no further reduction in the risk of preterm delivery among HIV-infected 

women who took their selenium supplements for more than 14 weeks. This suggests that 

prolonged use of supplemental selenium in pregnant women has no additional beneficial 

effect on their risk of having a preterm birth. Therefore, HIV-infected mothers should be 

encouraged to commence the use of the supplement at any point of presentation in 

pregnancy. This is particularly important in this part of the world where a vast majority of 

pregnant women will not book until much later in pregnancy.

We recorded a significant proportion of the participants (18.9%) reporting one or more 

adverse drug events but there was no statistically significant association with the 

intervention administered. These are patient-reported symptoms and may be attributed to the 

concept of “placebo effect”, which is recognized as a genuine psychobiological phenomenon 

due to the overall therapeutic context in both laboratory and clinical settings.25 These 

responses may also be due to the participants’ lack of awareness of most unusual pregnancy-

related symptoms, which may erroneously be attributed to their use of the intervention 

agent.

The major limitation of this study was the extreme difficulty encountered in extracting 

reliable information on the intake of selenium-rich diets or selenium-containing supplements 

from some of the participants, and this factor could have had some direct or indirect 

influence on the study findings. The study was also not powered to detect the influence of 

the study intervention on the secondary end points and this may account for the absence of 

any significant effect as reported. However, this is the first trial of selenium supplementation 

conducted among HIV-infected pregnant women of West African descent.

In conclusion, the study reported a beneficial effect of prenatal selenium supplements on 

preterm delivery among HIV-infected pregnant women, with no further risk reduction when 

selenium was used for more than 14 weeks. Therefore, there is a justification for providing 

selenium supplements to HIV-infected pregnant women, irrespective of their selenium status 

and women should be encouraged to use the supplements at any point of their presentation 

in pregnancy to reduce their risk of preterm delivery. Given the rise in preterm births over 

the past three decades and the associated huge public healthcare costs, the findings of this 

study could have implications for the future evidence-based management of HIV in 

pregnancy.
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FIGURE 1. 
Flowchart showing selection of the study population.
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TABLE 2

Effects of selenium supplementation on the primary and secondary end points (n = 180)

Endpoint Selenium (n = 90) Placebo (n = 90) P value

Pregnancy duration at delivery

 Preterm (<37 weeks) 5 (5.6) 14 (15.6) 0.091

 Term (≥37 weeks) 73 (81.1) 66 (73.3)

 Drop-out/incomplete data 12 (13.3) 10 (11.1)

Delivery weight for term neonates
b

 <2500 g 2 (2.4) 7 (9.2) 0.167

 ≥ 2500 g 71 (83.5) 59 (77.6)

 Drop-out/incomplete data 12 (14.1) 10 (13.2)

Perinatal death

 Dead 2 (2.2) 2 (2.2)
0.932

c

 Alive 76 (84.4) 78 (86.7)

 Drop-out/incomplete data 12 (13.3) 10 (11.1)

Adverse event

 Yes 17 (18.9) 17 (18.9) 0.898

 No 61 (68.7) 63 (70.0)

 Drop-out/incomplete data 12 (13.3) 10 (11.1)

Abbreviations: CI, confidence interval; RR, relative risks.

a
Values are given as number (percentage).

b
n = 161.

c
Fisher exact test.
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TABLE 4

Relative risks of intervention-covariate effect on low birth weight in term neonates (n = 161)

Intervention and covariates

Estimates of effect on low birth weight

RR (95% CI) P value

Intervention

 Selenium 0.24 (0.05–1.19) 0.080

 Placebo 1.00 (ref)

Duration of intervention, weeks

 ≥14 0.60 (0.12–3.10) 0.542

 <14 1.00 (ref)

Compliance to intervention

 Good 0.79 (0.16–4.06) 0.780

 Poor 1.00 (ref)

Hemoglobin concentration, g/dl

 ≥10 0.83 (0.19–3.48) 0.794

 <10 1.00 (ref)

CD4+ cells count/mm3

 ≥350 0.50 (0.12–2.13) 0.349

 <350 1.00 (ref)

Viral load, copies/ml

 ≥1000 1.37 (0.53–5.34) 0.649

 <1000 1.00 (ref)

Abbreviations: RR, relative risk.
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