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    Chapter 30   
 Is Adequate Selenium Important for Healthy 
Human Pregnancy?                     

     Margaret     P.     Rayman    

    Abstract     Selenium appears to have a benefi cial effect on number of adverse preg-
nancy health conditions. Higher selenium status has been associated with a lower 
risk of miscarriage and preterm birth, while there is evidence from randomized 
controlled trials that selenium supplementation may reduce the risk of pre- eclampsia 
and post-partum thyroid disease. The ability of selenoproteins to reduce oxidative 
stress, endoplasmic-reticulum stress and infl ammation, and to protect the endothe-
lium, control eicosanoid production, regulate vascular tone and reduce infection, is 
likely to be important in these apparently protective effects.  

  Keywords     Autoimmune thyroid disease   •   Insulin resistance   •   Miscarriage   •   Pre- 
eclampsia   •   Pregnancy   •   Preterm birth   •   Selenium  

30.1       Introduction 

 This chapter summarizes what is known about the role of selenium (Se) in adverse 
health conditions of human pregnancy. However, even in normal pregnancy, oxida-
tive stress rises and there is a systemic infl ammatory response, largely triggered by 
placental events [ 1 ,  2 ]. There is evidence from animal models that Se requirement 
increases during pregnancy, possibly because of these maternal factors, but also 
because of the needs of the growing fetus [ 3 ]. During normal pregnancy, whole- 
blood Se concentration falls substantially (e.g., by 12 %) with increasing gesta-
tional age [ 4 – 6 ]. Apart from plasma volume expansion, an additional cause of a 
fall in blood Se concentration throughout pregnancy is likely to be the transfer of 
Se to the fetus by selenoprotein P (SEPP1) which is expressed in the placenta [ 7 ]. 
In pregnant mice, placental transfer of maternal SEPP1 occurred through the 
apoE receptor 2 [ 8 ]. Even in mice with normal Se status, maternal plasma  SEPP1   
concentration falls rather dramatically in late pregnancy; hence, pregnancy may be 
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putting similar pressure on the Se stores of pregnant women with marginal Se status. 
The pregnancy conditions for which most evidence for involvement of Se exists are 
addressed below.  

30.2     Pre-eclampsia 

  Pre-eclampsia  , a major complication in 2–8 % of pregnancies [ 9 ], is associated with 
high maternal and perinatal  morbidity and mortality  ; there is currently no cure other 
than early delivery of the baby [ 10 ]. Surviving infants are likely to be small for 
gestational age and premature, factors that may jeopardize their development and 
health even into adulthood [ 9 ]. Furthermore, pre-eclampsia is linked to an increased 
risk of maternal coronary heart disease, hypertension and stroke in later life [ 11 ]. 

 Defi cient placentation in the fi rst half of pregnancy frequently presages the 
development of pre-eclampsia [ 1 ]. Shallow invasion of the  trophoblast   (embryonic 
cells that develop into the placenta) and inadequate remodeling of the spiral arteries 
result in a placenta that is not adequately perfused [ 1 ,  12 ]. Thus, localized areas of 
ischemia and reperfusion associated with placental oxidative and endoplasmic- 
reticulum (ER) stress develop [ 12 – 15 ]. This results in increased apoptosis/necrosis 
of the  syncytiotrophoblast layer   (outer cells of the placental villi), accompanied by 
release of anti-angiogenic factors, including soluble vascular-endothelial-growth- 
factor-receptor-1 (referred to as sFlt-1), that cause endothelial dysfunction, hyper-
tension and proteinuria [ 1 ,  16 ]. Placental microvesicles released into the maternal 
circulation stimulate a systemic infl ammatory response and endothelial activation 
that characterize  pre-eclampsia   [ 1 ,  17 ,  18 ]. 

30.2.1     Observational Studies of Se and Pre-eclampsia 

 A positive correlation between Se status and the incidence of pre-eclampsia has 
been shown in an epidemiological study of 45 countries [ 19 ]. A recent meta- analysis 
of 13 observational studies found signifi cantly lower blood/plasma/serum Se con-
centrations in women with pre-eclampsia than in control pregnant women [mean 
difference −8.25 μg/L, 95 % confi dence interval (CI) −12.89, −3.61; P = 0.0005] 
([ 20 ] and personal communication, Min Xu, February 2016). A case-control study 
published since that meta-analysis similarly found that serum Se concentration was 
signifi cantly lower in pre-eclampsia (P < 0.05) with a further signifi cant difference 
between mild and severe cases (P < 0.05) [ 21 ]. Pre-eclampsia has also been shown 
to be associated with lower plasma glutathione peroxidase ( GPx  ) activity than nor-
mal pregnancy [ 22 ,  23 ], while signifi cantly lower levels of GPx and thioredoxin 
reductase ( TrxR     ) have been found in placentae from pre-eclamptic women than 
from matched healthy controls [ 23 ,  24 ]. A case-control study found that the concen-
tration of Se in toenails (laid down from 3 to 12 months previously) of women with 
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pre-eclampsia was signifi cantly lower than that of controls matched for age, gesta-
tional age and parity (P = 0.001) [ 25 ]. Women in the bottom tertile of toenail Se 
were 4.4-times [95 % CI 1.6, 14.9] more likely to have pre-eclampsia.  

30.2.2     Se Supplementation in Pregnancy 

 Following the results of the case-control study discussed above, a randomized con-
trolled trial (RCT) of Se supplementation in pregnancy was set up in the UK to 
assess whether a nutritional dose of Se could reduce the risk of pre-eclampsia, as 
measured by biomarkers of pre-eclamptic risk [ 26 ]. In a double-blind, placebo- 
controlled, pilot trial (SPRINT, Se in PRegnancy INTervention), 230 primiparous 
pregnant women were randomized to Se (60 μg/day, Se-yeast) or placebo-yeast 
from 12 to 14 weeks of gestation until delivery. Whole-blood Se was measured at 
baseline and 35 weeks, plasma SEPP1 at 35 weeks. The primary outcome measure 
was the anti-angiogenic factor, sFlt-1 (see above). Between 12 and 35 weeks, whole- 
blood Se concentration increased signifi cantly in the Se-treatment group, but fell 
signifi cantly in the placebo group. At 35 weeks, plasma SEPP1 concentration was 
signifi cantly higher in the Se-treated group than in the placebo group. In line with 
the study hypothesis that Se supplementation would reduce sFlt-1 in women of low 
Se status,  sFlt-1   was signifi cantly lower at 35 weeks in the Se-treated group than in 
the placebo group in  participants   in the lowest quartile of Se status at baseline 
(P = 0.039) [ 6 ]. 

 Further analysis of data and samples from that trial showed that the risk of pre- 
eclampsia and/or the related condition, pregnancy-induced  hypertension  , was sig-
nifi cantly reduced in women with higher toenail Se (Odds Ratio 0.38, 95 % CI 0.17, 
0.87; P = 0.021) [ 26 ]. As toenail Se is a likely biomarker of early pregnancy/pre- 
pregnancy Se status, this result suggests that having an adequate Se intake from 
very early pregnancy or even pre-pregnancy is important for the health of mother 
and baby. 

Study Selenium Placebo Weight RR (95% CI) RR

N Events N Events % 95% CI

Tara et al [28] 61 0 64 3 14.0 0.15 (0.01, 2.84)

Han & Zhou [27] 52 0 48 4 14.4 0.10 (0.01, 1.86)

Rayman et al [6] 105 3 109 8 71.6 0.39 (0.11, 1.43)

Total (95% CI)

Total events

218

3

221

15

100 0.28 (0.09, 0.84)

Heterogeneity: Tau2 = 0; Chi2 = 0.91; df = 2 (P=0.63); I2 = 0%

Test for overall effect: Z = 2.26 (P = 0.02)

0.01                  0.1                     1                      10                    100
Favors selenium Favors placebo

  Fig. 30.1    Forest plot of meta-analysis of the effect of Se supplementation on incidence of pre- 
eclampsia in three RCTs (RR = relative risk) (modifi ed with permission from Xu et al. 2015 [ 20 ])       
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 There have been two other small trials of Se supplementation (100 μg/day) in 
the prevention of pre-eclampsia [ 27 ,  28 ]. The three trials have been entered into a 
 meta- analysis [ 20 ]. Using a  random-effects model  , the relative risk for pre-
eclampsia with Se supplementation  was   0.28 (95 % CI 0.09, 0.84); P = 0.02 (see 
Fig.  30.1 ).

30.2.3        How Might Se Lower the Risk of Pre-eclampsia? 

 Se/selenoproteins can: i) protect endothelial cells, trophoblasts (and thereby the pla-
centa) from oxidative stress [ 29 – 37 ]; ii) protect the endothelium and regulate vascu-
lar tone by controlling eicosanoid production [ 30 ,  38 ,  39 ]; and iii) help in the 
production of anti-infl ammatory eicosanoid mediators [ 40 ] and repress infl amma-
tory gene expression [ 40 – 42 ]. 

 Se/selenoenzymes are also important to the  heme-oxygenase (HO) system     , 
which has been linked to antioxidant effects, successful placentation, inhibition of 
sFlt-1 release, uterine quiescence, placental hemodynamic control, and regulation 
of the apoptotic and infl ammatory cascades in trophoblast cells [ 43 – 45 ]. Se has 
been shown to upregulate HO-1 by a number of pathways that involve Se or the 
thioredoxin/ TrxR   system either directly or indirectly, resulting in reduced expres-
sion of pro-infl ammatory genes [ 46 – 49 ]. 

 Perhaps the most important role of Se in affecting the risk of pre-eclampsia is its 
role in selenoprotein S1 ( SEPS1  ), an ER membrane protein involved in the control 
of infl ammation and ER stress [ 31 ,  50 ]. It helps remove stressor-induced misfolded 
proteins from the ER [ 31 ,  50 ], preventing their accumulation and the subsequent 
stress response that leads to activation of NF-kB, proinfl ammatory cytokine gene 
transcription and the infl ammation cascade. Genetic variation in SEPS1 has been 
shown to infl uence the infl ammatory response [ 51 ]. A retrospective study in a large 
Norwegian case-control cohort compared maternal genotype and allele frequencies 
of the  SEPS1  g.-105G > A polymorphism in pre-eclamptic and control pregnant 
women [ 52 ]. Women with pre-eclampsia were 1.34 times more likely to have the 
GA or AA genotype (P = 0.0039; 95 % CI, 1.09, 1.64) suggesting that  SEPS1   has a 
role in protection from pre-eclampsia in that population.   

30.3      Miscarriage   

 First-trimester pregnancy loss affects up to 15 % of clinically recognized pregnan-
cies but 2–4 % of couples will suffer recurrent losses, often with no identifi able 
cause [ 53 ]. Idiopathic miscarriage has been shown to be associated with Se defi -
ciency in a range of human studies. In interpreting the results of such studies, it is 
important to be aware that excessive infl ammation is a probable part of the picture 
in miscarriage [ 54 ] and will lower circulating Se [ 55 ,  56 ]. 
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 Signifi cantly lower  serum Se   was found in 40 UK women who miscarried in the 
fi rst trimester than in 40 control pregnant women of similar gestational age [ 57 ]. In 
a later study, the same investigators found signifi cantly lower serum Se in 25 women 
who miscarried in the fi rst trimester (52.1 μg/L) than in 12 (non-pregnant) recurrent 
aborters (67.1 μg/L) and 25 non-pregnant controls (76.6 μg/L) [ 58 ]. An Indonesian 
study of 46 women with normal pregnancies and 25 women with spontaneous abor-
tion found signifi cantly higher mean serum Se in those with normal pregnancies than 
in those with spontaneous abortion (76.36 ± 18.22 μg/L,  vs . 66.71 ± 13.55 μg/L; 
P = 0.023), though serum GPx activity did not differ between the groups [ 59 ]. An 
Indian study found signifi cantly lower red-cell Se in 20 (non-pregnant) women 
with ≥ 3 recurrent pregnancy losses than in a similar number of non-pregnant con-
trols with no history of miscarriage [mean (SD) 119.55 (32.94) μg/L  vs . 150.85 
(37.63) μg/L, respectively; P < 0.01] [ 60 ]. Although a further UK study found signifi -
cantly lower mean hair Se in 26 women with a history of recurrent miscarriage than 
in a control group of 18 women with good reproductive performance (mean (SD) 
0.14 (0.09) μg/g  vs . 0.34 (0.25) μg/g, P < 0.001), there was no difference in serum Se 
between the groups [ 61 ]. However, the method used to prepare the serum samples 
was inadequate and no certifi ed reference material was used to validate the  results  . 

 Not all studies have found associations: whole-blood and plasma concentrations 
of Se were no different in Polish women who had just miscarried than in women of 
the same gestational age with viable pregnancies, though their red-cell and plasma 
GPx  activiti  es were signifi cantly lower [ 62 ]. A Scottish study found lower plasma 
Se in non-pregnant women having recurrent miscarriage than in controls, but the 
difference did not reach signifi cance [ 63 ]. However, the control group in that study 
did not exclude women who had had a miscarriage. A South African study found no 
difference in hair Se concentration in women with recurrent pregnancy loss and 
controls (median (range) 0.80 (0.19–4.15) μg/g  vs . 0.68 (0.43–3.76) μg/g, respec-
tively; P = 0.74) [ 64 ]. Hair Se concentration in these South African women, how-
ever, was considerably higher than in the earlier UK study that found a difference 
between groups [ 61 ]. Though on balance, there appears to be an association between 
low Se status and miscarriage, surprisingly, population Se status does not seem to 
be the discriminator. 

 Miscarriage resembles pre-eclampsia to some extent, i.e., failure/partial failure 
of immunoregulatory mechanisms, defective placentation, impaired placental per-
fusion, excessive placental oxidative stress and infl ammation [ 54 ,  65 ]. At the 
extreme, the outcome is pregnancy loss; if the pregnancy continues, the result may 
be pre-eclampsia [ 65 ]. Thus, many of the  mechanisms   discussed above in relation 
to the effect of Se on the risk of pre-eclampsia will also be relevant to its potential 
effect on miscarriage. 

  HO-1   is likely to be important in the context of miscarriage: upregulation of 
HO-1 expression diminished fetal rejection and abortion rates in a murine abortion 
model [ 66 ]. Furthermore, HO-1 upregulation may also augment the levels of regula-
tory T cells, improving immune suppression [ 66 ]. Se/ TrxR   may upregulate the 
expression of HO-1 by a number of pathways that would be protective against  abor-
tion   [ 46 – 49 ].  
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30.4     Preterm Birth 

  Preterm birth  , i.e., birth before 37 weeks of gestation, occurs in 5–13 % of pregnan-
cies and is the most important cause of perinatal morbidity and mortality [ 67 ]. 
Short- and long-term  outcomes   include cerebral palsy, respiratory-distress syn-
drome, neurodevelopmental impairment, diffi culties with schooling and behavioral 
problems [ 68 ]. 

 Se concentrations in blood components have been compared between term and 
preterm mothers. Four studies found no difference between the term and preterm 
groups [ 69 – 72 ], while two others found signifi cantly lower Se in the preterm group 
[ 73 ,  74 ]. The discordant results cannot be rationalized on the basis of the Se status 
of the countries in which the studies took place. Inadequate sample size may well be 
part of the explanation for the disparity in results. 

 By far, the largest study to date was carried out in the Netherlands: 1129 pregnant 
women were followed prospectively from 12-weeks of gestation, of whom 60 
(5.3 %) gave birth preterm [ 75 ]. The commonest causes of preterm delivery were 
preterm premature rupture of membranes ( PPROM        , n = 21) and pre-eclampsia 
(n = 13), together accounting for 57 % of the preterm births. Those who delivered 
preterm had signifi cantly lower serum Se at 12 weeks gestation than those who 
delivered at term [mean (SD): 75.8 (11.1) μg/L and 80.5 (10.3) μg/L, respectively, 
P = 0.001] [ 75 ]. The percentages of women with preterm birth by quartile of serum 
Se at 12 weeks were signifi cantly different (P < 0.05). Even after adjusting for the 
occurrence of pre-eclampsia, which is associated both with Se status (see above [ 25 , 
 26 ]) and with preterm birth, women in the lowest quartile of serum Se at 12-weeks 
of gestation had twice the risk of preterm birth as the rest (adjusted OR 2.18; 95 % 
CI 1.25–3.77). Results also suggest that low Se status in early gestation may increase 
the risk of PPROM, a major cause of preterm birth [ 69 ]. 

 The above study does not show that low Se status  caused  preterm birth. Both 
preterm birth and low plasma Se may have been joint outcomes, for instance, of 
increased infl ammation [ 77 ]. Plasma Se concentration decreases in proportion to 
the magnitude of the infl ammatory response [ 57 ,  58 ]. However, the signifi cant 
reduction also seen in the incidence of  PPROM   with Se supplementation in a small 
RCT in Iran suggests that Se status may indeed be  relevant   [ 76 ]. 

30.4.1     How Might Se Affect the Risk of Preterm Birth? 

 Se status in the Netherlands is relatively low [ 77 ]. Se (probably as selenoproteins) 
has a number of protective effects that are directly relevant to pathways implicated 
in preterm birth or its sub-categories,  PPROM      and  pre-eclampsia  . These pathways 
include infection, infl ammation, defective placentation, placental ischemia- 
reperfusion, oxidative stress, the presence of anti-thyroid antibodies, and premature 
extracellular-matrix-degradation of fetal membranes [ 67 – 80 ]. 
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 Se is required for an adequate immune response [ 81 ], so low Se status in either 
the mother or the fetus is a risk factor for infection, a major cause of preterm birth 
[ 67 ]. Infl ammation may be an underlying factor linking many of these pathways as 
suggested by the fact that polymorphisms that affect the magnitude or duration of 
the infl ammatory response were associated with the risk of preterm birth [ 82 ]. Se is 
capable of attenuating the excessive infl ammatory response associated with adverse 
pregnancy outcomes by a number of mechanisms that have already been discussed 
[ 30 ,  40 – 43 ,  46 – 49 ,  52 ,  83 – 85 ]. Defective placentation and placental ischemia- 
reperfusion are both counteracted by HO-1, which is upregulated by a number of 
pathways that involve Se or the  thioredoxin/TrxR      system, either directly or indi-
rectly [ 46 – 49 ]. Oxidative stress is counteracted by the GPxs [ 30 ], by SEPP1 (which 
scavenges peroxynitrite) [ 30 ,  36 ] and by the antioxidant effects of the products of 
HO-1 (biliverdin and/or bilirubin)    [ 43 ,  44 ,  84 ]. Higher Se status or supplementation 
with Se appears to be able to reduce the titer of antithyroid antibodies, in particular, 
thyroid peroxidase autoantibodies ( TPO-Ab  ) [ 86 ] (see next section).   

30.5      Autoimmune Thyroid Disease   

 Autoimmune thyroid disease has a prevalence ranging between 5 and 20 % and is 
the main cause of  hypothyroidism   in pregnant women [ 87 ]. While the incidence of 
gestational hypothyroidism is 2.4 %, thyroid autoantibodies are present in 55–80 % 
of these women [ 87 ]. Some 6 % of pregnant women have TPO- Ab      [ 88 ] though the 
titer tends to decrease towards term, refl ecting the down-regulation of the immune 
system during gestation [ 89 ]. An elevated TPO-Ab titer is associated with poor 
obstetric outcome including an increased risk of miscarriage [ 90 ], perinatal mortal-
ity [ 91 ], placental abruption [ 88 ] and  PPROM   [ 92 ]. 

 Se is important to the thyroid. Not only is it a component of the iodothyronine 
deiodinase selenoenzymes that convert thyroxine (T 4 ) to tri-iodothyronine (T 3 ) and 
reverse T 3 , but it is also a component of GPx3 which protects thyroid cells from the 
hydrogen peroxide that is generated there [ 93 ]. This protective function may be the 
basis of the benefi cial effect of Se supplementation found in patients with autoim-
mune thyroiditis in a recent meta-analysis of RCTs where a signifi cant decrease in 
 TPO-Ab   titer was found at 6 and 12 months [ 86 ]. More important in the context of 
pregnancy is the reduction in thyroid infl ammatory activity and the risk of postpar-
tum thyroid disease found in an RCT of Se supplementation in TPO-Ab-positive 
women in Italy [ 94 ]. During pregnancy and the postpartum period, 151 TPO- Ab  - 
positive women were randomized to Se (200 μg/day as selenomethionine) or pla-
cebo. TPO-Abs fell signifi cantly during gestation but the reduction was signifi cantly 
greater in the Se-supplemented group (P = 0.01) and remained so in the post-partum 
period (P = 0.01) (see Fig.  30.2 ). Importantly, there was a signifi cant reduction in the 
incidence of post-partum thyroid disease and hypothyroidism in the Se-supplemented 
group (28.6 %  vs . 48.6 %, P < 0.01 and 11.7 %  vs . 20.3 %, P < 0.01, respectively) [ 94 ].
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   The only other RCT that investigated the effect of Se supplementation on  auto-
immune thyroid disease   in pregnancy was a secondary analysis of samples and data 
from the SPRINT pilot RCT where 230 women at 12 weeks of gestation were ran-
domized to receive 60 μg/day Se or placebo until delivery [ 95 ]. No difference was 
found in the magnitude of decrease between Se and placebo groups (54.2 %  vs . 
65.6 %, P = 0.785). The difference in results from those of the earlier study [ 94 ] can 
probably be explained by three factors: i) there were only 25, as opposed to 151, 
TPO-Ab-positive women, thus the trial lacked power; ii) the median baseline 
 TPO-Ab   concentration in the women was much lower: 110 kIU/L  vs . 600 kIU/L 
(higher concentration appears to respond better to treatment [ 93 ]); and iii) the Se 
dose given was much lower, i.e., 60 μg/day  vs . 200 μg/day. There is clearly a need 
for another adequately powered RCT in TPO-Ab-positive pregnant women to see if 
the results of Negro et al. [ 94 ] can be replicated. 

30.5.1     How May Se Affect the Risk of Autoimmune Thyroid 
Disease in Pregnancy? 

 In pregnancy, a woman has to increase her production of T 4  by 50 % to maintain 
maternal euthyroidism and to transfer thyroid hormone to the fetus in the fi rst tri-
mester before its own thyroid starts to function [ 96 ]. The increased synthesis of 
thyroid hormones triggers a rise in the production of hydrogen peroxide that is used 
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  Fig. 30.2    Thyroid peroxidase antibody (TPO- Ab  ) titers in 151 TPO-Ab-positive Italian women 
randomized to Se (200 μg/day as selenomethionine) or placebo during pregnancy and the postpar-
tum period. Values signifi cantly different between groups at delivery (280 days) and in the postpar-
tum period (modifi ed from Negro et al. 2007 [ 99 ])       
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by TPO in the synthesis of T 4  from  iodide and thyroglobulin   [ 93 ]. As hydrogen 
peroxide is damaging, any excess must be removed for the protection of the thy-
roid, largely by GPx3, which is highly expressed in thyrocytes [ 93 ]. Thus, the 
requirement of the thyroid for Se in pregnancy probably increases above the non-
pregnant level. 

 TPO- Ab  s tend to correlate with lymphocytic infl ammation of the thyroid. Hence, 
apart from the specifi c role of Se in GPx3, the anti-infl ammatory effects of the sele-
noenzymes might play a role in down-regulating TPO-Abs during gestation as pre-
viously outlined [ 30 ,  40 – 43 ,  46 – 49 ,  83 – 85 ].   

30.6      Insulin Resistance   

 Concern has been expressed in recent years that Se may increase the risk of type-2 
diabetes though there are few studies investigating this potential effect in pregnancy. 
An adverse effect of Se, or at least of a selenoprotein was suggested by a study in 
pregnant women without gestational diabetes ( GDM     ), where the activity of GPx1, 
in erythrocytes increased during gestation and was positively associated with fast-
ing plasma glucose, plasma insulin, C-peptide and the  homoeostasis model of 
assessment for insulin resistance (HOMA-IR)      index [ 97 ]. By contrast, the literature 
also shows that pregnant women with impaired glucose tolerance or GDM have 
much lower serum Se concentrations than women with normal pregnancies [ 98 –
 101 ] and that there is an inverse relationship between serum Se and blood-glucose 
concentration [ 100 ,  101 ]. Furthermore, in a small group of pregnant women, the 
increase in plasma glucose following an oral glucose tolerance test administered at 
12 weeks of gestation was inversely correlated with plasma Se concentration [ 102 ]. 
Recently, an RCT of Se (200 μg/d) in 70 women who had developed  GDM      found a 
signifi cant reduction in fasting plasma glucose, serum insulin and  HOMA-IR   in 
those on  Se   [ 103 ]. 

 There has been only one RCT of the effect of Se supplementation on the risk of 
GDM or insulin resistance in normal pregnant women. Stored plasma samples from 
the SPRINT RCT of Se supplementation in pregnancy [ 6 ] were used to test the 
effect of Se supplementation on a marker of insulin resistance pregnant women in 
the UK [ 104 ]. Plasma adiponectin concentration, a recognized marker of insulin 
resistance [ 105 ] and a strong independent predictor of the risk of  GDM   and type-2 
diabetes [ 106 ,  107 ] that can be used in non-fasted samples was measured at 12 and 
35 weeks [ 104 ]. There was no signifi cant difference between the two treatment 
groups in the change in adiponectin from 12 to 35 weeks (P = 0.938), nor when the 
analysis was restricted to the bottom or top quartiles of baseline whole-blood Se 
(P = 0.515 and 0.858, respectively) [ 104 ]. The results of this RCT, though probably 
underpowered, help to allay fears that a small dose of Se will increase insulin resis-
tance in pregnant women of modest Se status.  
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30.7     Concluding Remarks 

 Despite the positive evidence cited above, the role of Se/selenoproteins in the etiol-
ogy of adverse conditions of pregnancy has still not been clearly established. There 
are few RCTs, which alone are capable of establishing causation, and those that 
there are, are largely underpowered, though we do have an excellent study in auto-
immune thyroid disease and a meta-analysis with a signifi cant result in the case of 
pre-eclampsia. In case-control studies of Se in pregnancy, which constitute the 
majority of the evidence, it is vital to match controls to cases on age, gestational age 
and parity, all of which can affect Se status. Only one of the cited studies has been 
matched on those three parameters [ 25 ]. Many also lack important information such 
as the Se status of the groups, and adequate detail of analytical methodology. There 
are few large prospective studies [ 75 ] though in any case they cannot establish 
causality. 

 We need more RCTs, properly powered, and these should be run in populations 
with relatively low Se status, e.g., plasma Se ≤90 μg/L. We already have an excel-
lent RCT in autoimmune thyroid disease that requires replication and a strong ratio-
nale for a very early intervention with Se to reduce the risk of pre-eclampsia.     
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