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Abstract
Background

lodine deficiency affects about 2 billion people globally and is the leading cause of Subclinical
(SCH) and overt (OH) hypothyroidism that are some of the risk factors of preeclampsia. lodine
deficiency in pregnancy, which can be corrected by supplementation, has been suggested in the
past three decades as a risk factor for preeclampsia. It is uncertain if this is mainly because of
elevated thyroid-stimulating hormone (TSH) in women with iodine deficiency complicated by
hypothyroidism. Alternatively, it may be because of reduced serum antioxidant capacity and
other pathways that are associated with the more prevalent inadequate iodine intake in

pregnancy, or both.
Aims

The current thesis had three major objectives: 1) To determine the burden of iodine deficiency
in pregnancy in Africa; 2) To find out if there is an association between iodine deficiency in
pregnancy, subclinical hypothyroidism, endothelial dysfunction and preeclampsia; 3) To find
out possible mechanisms through which iodine deficiency in pregnancy may predispose to
preeclampsia, eclampsia, endothelial dysfunction and early cardiovascular pathological

changes.
Methods

In the first part of this thesis, two systematic reviews are presented. The first was carried out in
order to estimate the burden of iodine deficiency in pregnancy in Africa. This was
complemented with a regression analysis using the more readily available school-age children
(SAC) median urinary iodine concentration (UIC) and the limited pregnancy median UIC data
to estimate the level of iodine nutrition in pregnancy in all the African countries. The second
systematic review was carried out to find out the relationship between inadequate iodine intake

in pregnancy and preeclampsia.

In the second part of this thesis, we present results of case-control studies in which women with
preeclampsia, severe preeclampsia, eclampsia and normotensive pregnant controls were
enrolled at Nelson Mandela Academic Hospital (NMAH) and Mthatha Regional Hospital
(MRH) in Eastern Cape South Africa. Their iodine nutrition status, thyroid function,
endothelial dysfunction and arterial stiffness were compared by assaying the urinary iodine

concentration (UIC), thyroglobulin (Tg), thyroid-stimulating hormone (TSH), triiodothyronine



(T3), thyroxine (T4), nitric oxide (NO), oxidised low-density lipoprotein (oxLDL), pulse wave
velocity (PWV) and aortic augmentation index (Al).

In the third part of the thesis, two studies aimed at exploring mechanisms through which iodine
and other micronutrient deficiencies together with environmental factors predispose to
preeclampsia and eclampsia are presented. The first is a study using Factor Analysis to find out
how various nutritional and inflammatory markers interact in different pathways to predispose
to preeclampsia using data collected at Lomo Medical Centre, Kinshasa Province, Democratic
Republic of Congo. The second is a case-control study in which we compared the thyroid
function status, urinary iodine and serum potassium of women with eclampsia, severe
preeclampsia and normotensive pregnant controls to find out if iodine deficiency, the resultant

thyroid dysfunction and serum potassium levels were associated with the risk of eclampsia.
Results

Prevalence of iodine deficiency in pregnancy in Africa: results from systematic reviews and

meta-analyses and pregnancy median UIC estimated from SAC median UIC

Pregnancy iodine nutrition status data was available for 23/54 African countries. Between 2005
and 2020 a few African countries had sufficient (pregnancy median urinary iodine
concentration [pMUIC] 150 - 250 pg/L), most had mildly inadequate (pMUIC 100 - 149 pg/L),
and some moderate-to-severe inadequate iodine nutrition in pregnancy (pMUIC <50 - 99 pg/L).
The pooled pregnancy median UIC was 145 pg/L (95% CI 126-172). Using the more available
SAC median UIC, pregnancy median UIC was derived for 49/54 African countries, 22 (45%)
of these which had insufficient iodine intake during pregnancy (i.e., <150 pg/L).

In the second systematic review and meta-analysis the pooled mean UIC from 3 eligible cross-
sectional studies of 210 normotensive pregnant women was significantly higher than that of
254 preeclamptic women. The mean UIC difference was 164.4 pg/L (95% CI 45.1-283.6, p <
0.01, I>>50). There was a non-significant risk of preeclampsia for women with UIC <150 pg/L
in two eligible cohort studies, with a pooled risk ratio of 2.85 (95% CI 0.42-20.05, p = 0.09,
12<25).

lodine nutrition status and preeclampsia

Eastern Cape women with severe preeclampsia/eclampsia had significantly lower UIC (a
measure of recent iodine intake) and significantly higher serum thyroglobulin (a measure of

long-term iodine intake) than both (uncomplicated) preeclampsia and normotensive-pregnant



participants. The median values for severe preeclampsia/eclampsia, preeclampsia and
normotensive pregnant participants were UIC (ug/L) 98.8, 127.7, and 217.1 p=0.005;
Thyroglobulin (ug/L) 32.9, 21.4, 19.4 p=0.001. Pregnant women with hypertensive disease had
less than adequate iodine intake in pregnancy (median UIC < 150 pg/L) and higher than normal
serum thyroglobulin (> 20 pg/L), the values were worse for women with severe

preeclampsia/eclampsia compared to women with uncomplicated preeclampsia.
Measures of endothelial dysfunction

The median Aortic augmentation index was 7.5, 19.0 and 21.0 (p < 0.001) and the Pulse Wave
Velocity 5.1, 5.7 and 6.3 m/s respectively for Eastern Cape normotensive, preeclampsia and
severe preeclampsia women (p<0.001 for both). Women with severe preeclampsia had
significantly higher median TSH than normotensive and preeclamptic women without severe
features (3.0, 2.3 and 2.3 IU/L, respectively). A similar trend was observed for oxidised LDL
(1.2, 1.0 and 1.0 IU/L for normotensive, preeclampsia and severe preeclampsia participants, p
< 0.05). In linear regressions, TSH, age and hypertensive disease were independent predictors
of elevated PWV which is associated with endothelial dysfunction and future cardiovascular
disease.

Possible mechanisms in the pathophysiology of preeclampsia associated with iodine
deficiency, resultant thyroid dysfunction and other nutritional or inflammatory factors

Using data of normotensive and preeclamptic women from Kinshasa Province, Democratic
Republic of Congo, we have characterised four main pathophysiological pathways through
which low iodine intake in pregnancy may predispose to preeclampsia. These are the
interactions between selenium/iodine deficiency and elevated serum TSH, leading to
endothelial dysfunction; serum ferritin, gamma-glutamyl transferase (GGT), C-reactive protein
(CRP) and low urinary iodine excretion precipitating inflammatory oxidative stress. The others
are elevated serum high sense-CRP (hs-CRP) and Rheumatoid factor subclinical inflammation
and immune cell activation and high T3/T4 ratio acute TSH stimulation of thyroid with low
thyroid iodine stores that may lead to excessive superoxide and hydroxyl production further
exacerbating oxidative stress and endothelial dysfunction.

lodine deficiency, thyroid dysfunction in the pathophysiology of eclamptic fits

Eclamptic women in the Eastern Cape (South Africa) had significantly lower urinary iodine
concentration (UIC), free triiodothyronine (FT3), median serum potassium (K), but higher

serum thyroglobulin (Tg) than women with severe preeclampsia and normotensive pregnant
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controls. The median values respectively for participants with eclampsia, severe preeclampsia
and normotensive controls were UIC 69.5, 95.7, and 169.5 pg/L; FT3 3.8, 4.4 and 4.7 pmol/L;
K 3.7, 4.2, 4.3 mmol/L; and Tg 39.0, 22.4, 19.5 pg/L. Low serum T3 and T4 levels coupled
with a preferential transfer of T4 across the blood-brain barrier alter the physiological T3/T4
ratio in the CNS attenuating the inhibitory effects of GABA while the excitatory function of
glutamate remains intact. Low serum potassium further attenuates GABARg receptor mediated
tonic extra-synaptic inhibition resulting in net motor neurone stimulation and increased

predisposition to the involuntary tonic-clonic convulsions observed in eclampsia.
Conclusion

There is still a high prevalence of inadequate iodine intake in pregnancy in Africa estimated to
affect 45% of the African nations 25 years after commencement of iodine fortification of salt
and other foodstuffs. While the complication of goitre and cretinism may have reduced,
pregnant women in Africa may still be prone to high risk of preeclampsia, eclampsia, future
cardiovascular disease and various degrees of reduced psychomotor development of the foetus
depending on the severity and duration of insufficient iodine intake in pregnancy. Alternative
measures need to be considered to mitigate the persistently high prevalence of iodine deficiency
in pregnancy in Africa and other areas around the globe despite national salt iodization
programs and other iodine fortification efforts that have been implemented for several decades.

This will help reduce the risk of preeclampsia, eclampsia and related complications.
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Chapter 1

General introduction

1.1  Background

Preeclampsia complicates 5 to 10% of all pregnancies and is a known cause of severe maternal
and perinatal morbidity and mortality (1). Subclinical hypothyroidism (SCH), one of the
established risk factors of preeclampsia, is a medical condition characterised by serum thyroid-
stimulating hormone (TSH) levels higher than the upper limit despite normal thyroxine levels
(2). The upper limit of normal serum TSH is 2.5 mIU/L in the first trimester and 3.0 mIU/L in
the second and third trimesters (2). Globally, the prevalence of SCH in pregnancy varies
between 2.5% and 17% according to geographical location and ethnicity (3-6). Most of the
affected women do not present with characteristic symptoms of hypothyroidism. However,
SCH in pregnancy is associated with many other adverse maternal and offspring complications
apart from preeclampsia, such as abruptio placenta, preterm delivery, neuro-cognitive

deficiency and delayed psychomotor maturation (7-10).

Worldwide the most common cause of SCH is iodine deficiency, particularly in the highland
areas of central Africa, Asia and South America (11-13). In iodine replete areas, autoimmune
thyroiditis, a condition associated with reduced thyroid gland parenchyma, is the most common
cause of SCH (11, 12). The World Health Organisation (WHO) estimates that about 2 billion
people live in areas with iodine insufficiency (14). Even in first world countries, which are
considered as iodine replete, mild-to-moderate iodine deficiency is the most widespread cause
of maternal hypothyroxinaemia, a herald of hypothyroidism (15). Hence, iodine deficiency is
much more prevalent than SCH. Over the past three decades, a few studies reported an
association between iodine deficiency and preeclampsia (16, 17). Some have reported that
iodine deficiency reduces serum antioxidant capacity, hence precipitating endothelial
dysfunction (17). Potentially, this makes iodine deficiency in pregnancy a more prevalent risk

factor for preeclampsia than SCH worth studying.

lodine deficiency, a major public health problem throughout Africa, is the most common cause
of thyroid disorders on the continent (18). lodine deficiency disorders are prevalent in both
mountainous and non-mountainous Africa countries (19). Inadequate supply of iodine from the
diet is thought to be the major contributory factor to iodine deficiency related diseases in Africa.
However, there is an established association between iodine deficiency and goitrogens, the

most significant being poorly detoxified cassava, which is rich in thiocyanate (20).



Before the implementation of universal salt iodization in South Africa in 1995, endemic goitre
was common. Hence, the population was predisposed to detrimental effects of iodine
deficiency and hypothyroidism in pregnancy (13, 21). A nutrition survey conducted in 1998
revealed adequate iodine nutrition in seven of the nine provinces of South Africa (with median
urinary iodine concentration >100W/L) (22). The other two provinces (Limpopo and
Mpumalanga) had more than adequate iodine nutrition. However, national or provincial
statistics can mask local and at-risk group-specific health situations (23, 24). For instance, more
than 86% of the households in South Africa used iodised salt but only 62.4% used adequately
iodized salt with less than 50% of the households in Limpopo, Mpumalanga, and Northwest
using adequately iodised salt (22). Between 8% and 37% of households in South Africa at the
time used non-iodised salt that was procured from distributors of agricultural salt and small
retail shops (25). These were mainly households with poor socioeconomic status. Although
South Africa was on the verge of eliminating iodine deficiency by 2007, over 30% of the

population still had no access to adequately iodised salt (25).

The increased demand of iodine might offset the corrective effect of iodine supplementation
on the effects of endemic iodine deficiency among women in reproductive age and nutrition
transition, especially among the increasing population of rural to urban migrants (26). Rural to
urban migration, commonly accompanied by adoption of western diets and increased
dependence on processed foods and restaurants, is associated with inconsistent utilisation of
iodized salt (24, 26). Only 25% of the processed foodstuffs in South Africa used iodized salt
according to the results of one study (27). In addition, the marketing of foodstuffs through
multinational food stores that penetrate into local communities has the potential for nationwide
distribution of foodstuffs with high concentrations of nitrates and perchlorate from abroad or

from commercial agricultural farms within South Africa (28).

The prevalence of overt iodine deficiency disorders in South Africa, such as endemic goitre
have remarkably decreased (25). However, there is a possible high prevalence of thyroxinaemia
and subclinical hypothyroidism from iodine deficiency among population groups in South
Africa at risk of inadequate iodine intake such as pregnant women, breastfeeding babies, rural-

to-urban migrants, rural inhabitants who cannot access iodized salt.

Although some studies have reported an association between iodine deficiency and
hypertensive disease in pregnancy (16, 17), there is a paucity of data on the relationship
between iodine deficiency and or subclinical hypothyroidism and hypertensive disease in
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pregnancy in Africa and around the world. It is not yet clear if iodine deficiency is an
independent risk factor of preeclampsia. Neither are the mechanisms through which iodine

deficiency may increase the risk of preeclampsia certain.

The increasing prevalence of iodine deficiency in areas originally thought to be iodine
sufficient has been attributed to inadequate fortification of foodstuffs with iodine in the
background of high levels of perchlorate and thiocyanate in water sources and the diet (29-31).
Both perchlorate and thiocyanate significantly diminish the uptake of iodine by the thyroid
gland especially in states of increased thyroid stimulation by TSH secondary to iodine
deficiency (30, 31).

lodine is one of the most potent exogenous antioxidants whose deficiency is associated with
oxidant imbalance and endothelial dysfunction (32), hence may increase the risk of
preeclampsia even without concurrent TSH elevation or subclinical or overt hypothyroidism.
Prolonged elevation of serum TSH in severe iodine deficiency, SCH or OH leads to thyroid
hyper-stimulation with increased output of reactive oxygen radicals (superoxide and hydrogen
peroxide) especially in the presence of selenium and haeme deficiency leading to further
oxidant stress (33). Furthermore, elevated serum TSH diminishes the production of nitric oxide
(NO) from the endothelium by acting through its extra-thyroidal receptors (34). These
processes taken together not only predispose to endothelial dysfunction and hypertension, but
might lead to placenta ischemia and atherosis; and could potentially interfere with endometrial
and myometrial spiral artery trophoblastic invasion, all of which are thought to herald the onset
of preeclampsia (35, 36). This could also account for the early pregnancy complications
associated with SCH and OH. The placenta is one organ that physiologically has high iodine
storage (37-40). Therefore, iodine deficiency may interfere with normal placental development

and function.

lodine also has been shown to alleviate cytotoxic effects associated with Helicobacter pylori
infection, which is a known risk factor of endothelial dysfunction and increased carotid media-
intima thickness, cardiovascular disease and preeclampsia among women in reproductive age
group (41-44).

The thyroid responds to iodine deficiency by preferential production of T3 instead of T4 (45).
The brain derives most of its T3 by deiodination of T4 that is transported to the brain by
transthyretin (15, 45). Hence, serum T4 deficiency reduces the availability of T3 to the brain,

which can result in various clinical and subclinical manifestations in both pregnant women and



their progeny. T4 not only regulates metabolism in the brain by acting on its nuclear receptors,
but is also a required substrate of deiodinase type 2 for the production of cytosolic T3, which
modulates synaptic neurotransmission (15, 45). Therefore, SCH secondary to iodine deficiency
may not only increase the risk of preeclampsia but also that of eclampsia.

Pregnancy is a state of increased iodine demand due to the physiological increase in thyroid
hormone output. This is because of the oestrogen mediated increase in thyroid binding globulin
that progressively diminishes the free T4 in the serum; transfer of iodine to the foetus; and
increased renal iodine clearance (46). Therefore, women with mild-to-moderate iodine
deficiency may develop severe iodine deficiency in pregnancy with resultant SCH, overt
hypothyroidism (OH) or isolated T4 deficiency with resultant maternal and offspring short term

and long-term complications (46-48).

Only about 30% of SCH patients are symptomatic and given the non-specific nature of the
symptoms, most patients with SCH are never diagnosed (49). Diagnosis and management of
SCH is potentially of value in the preconception period or early in the first trimester when

probable intervention would be of benefit (2, 50, 51).

Although several observational studies have reported that SCH is associated with adverse
maternal and foetal outcomes (11), universal screening and treatment of SCH pregnancy with
thyroxine has not yet been adopted due to lack of enough evidence from randomised control
trials. Vissenberg et al. (52) in a meta-analysis found no enough evidence for the benefit of L-
T4 supplementation in pregnancy for treatment of women with SCH. lodine deficiency was
not investigated as the probable cause of SCH, hence supplementation with iodine in addition

to L-T4 was not considered.
1.2 Statement of the problem

Preeclampsia is one of the leading causes of maternal and perinatal morbidity and mortality
globally as well as in South Africa (53, 54). SCH hypothyroidism in pregnancy, one of risk
factors of preeclampsia is likely prevalent in geographical settings with endemic iodine
deficiency and among population groups with low dietary iodine intake (48). The physiological
changes of pregnancy exacerbate the degree of iodine deficiency in pregnancy (46). This might
increase the risk of preeclampsia through defective trophoblastic spiral artery invasion,
placenta ischaemia, oxidative imbalance and endothelial dysfunction due to elevated TSH,
iodine deficiency and increased release of vaso-active factors from the ischaemic placenta (32).
Since iodine deficiency is more prevalent than subclinical or overt hypothyroidism and
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predisposes to serum antioxidant deficit and endothelial dysfunction, it may be a more common
independent risk factor for preeclampsia than overt or SCH. There is paucity of data on the
relationship between iodine deficiency, SCH and preeclampsia in South Africa, a country

formerly with endemic goitre and potential high prevalence of iodine deficiency in pregnancy.
1.3  Aims

The current thesis had three principal aims: 1) To determine the burden of iodine deficiency in
pregnancy in Africa; 2) To find out if there is an association between iodine deficiency in
pregnancy, subclinical hypothyroidism, endothelial dysfunction and preeclampsia; 3) To
investigate the possible mechanisms through which iodine deficiency in pregnancy may
predispose to preeclampsia, eclampsia, endothelial dysfunction and early cardiovascular

pathological changes.
1.3.1 Specific objectives

Part 1: Assessment of the trends in prevalence of iodine deficiency in pregnancy in Africa since

implementing national iodine fortification programs in 1995

. To assess the trend and current state of iodine deficiency in pregnancy in Africa
since 1995 through a systematic literature review and meta-analysis.

. To determine the level of insufficient iodine intake in pregnancy in all African
countries using pregnancy median urinary iodine concentration (pMUIC) estimated

from the more available school-age children (SAC) mUIC.

Part 2: Assessment of the relationship between iodine nutrition state in pregnancy, thyroid

dysfunction and preeclampsia

. To carry out a systematic review and meta-analysis of observational studies on the
association between iodine nutrition status in pregnancy and preeclampsia.

. To ascertain the relationship between iodine nutrition status in pregnancy and
preeclampsia among women receiving care at the maternity units of Nelson
Mandela Academic Hospital (NMAH) and Mthatha Regional Hospital (MRH) in
Eastern Cape South Africa.

. To correlate the degree of iodine deficiency and SCH with the severity of
endothelial dysfunction and preeclampsia among women receiving care at the
maternity units of NMAH and MRH.



Part 3: Investigating possible mechanisms through which iodine deficiency predisposes to

various degrees of preeclampsia and eclampsia

. To investigate the mechanisms through which iodine deficiency with other
nutritional and environmental factors may increase the risk of preeclampsia using
previously collected data from Democratic Republic of Congo (DRC) and newly

collected data from Eastern Cape, South Africa.

1.4. Justification

Before 1995, iodine deficiency was endemic throughout Africa and as the commonest cause of
thyroid disorders on the continent, necessitated iodine fortification at national level (13, 18,
55). The main underlying factors for iodine deficiency in Africa, iodine deficient soils and
staple diets rich in goitrogens, have not changed and may still predispose large populations to
iodine deficiency disorders especially in settings and populations groups with limited access to
iodine fortified foodstuffs (20, 56).

South Africa is one of the sub-Saharan countries with iodine deficient soils (25). Although salt
iodization has been in practice since 1995, about 30% of the population are not yet adequately
reached (25). In addition, rural communities and subpopulations that depend on processed
foods such as urban migrants are likely to be exposed to diets deficient in iodized salt (27, 28).
Environmental factors such as high levels of nitrates in the soil or perchlorate in water sources
and petroleum pollutants and thiocyanate in cigarette smoke may further reduce the
bioavailability of iodine from the diet (30, 31). Hence, there is likely a significant proportion
of expectant mothers with iodine deficiency and SCH secondary to iodine deficiency. SCH
hypothyroidism is asymptomatic in about 70% of cases and when symptoms are present, they
mimic pregnancy symptoms (49). Hence SCH not only goes unrecognised in the general
population but is likely to remain unrecognised and untreated, yet it is associated with short
term and long-term complications to mothers and their progeny, especially in populations at
risk of iodine deficiency and exposure to inhibitors of iodide uptake by the thyroid gland.

My preliminary research from the Democratic Republic of Congo (DRC), a country with soils
deficient in iodine and selenium, showed that iodine deficiency was not only associated with
preeclampsia but also with the severity of preeclampsia (57). The data also showed that urinary
iodine excretion and serum TSH were associated with the incidence and severity of

preeclampsia. If these findings can be corroborated in the South African study population,
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screening all pregnant women for iodine deficiency using urine dipstick followed by iodine
supplementation may be one of the cost-effective measures to reduce the incidence, maternal
and foetal mortality and morbidity, and risk of future cardiovascular disease and metabolic
syndrome associated with preeclampsia.

1.5 Hypotheses

e Urinary iodine excretion (UIC) will vary inversely while serum thyroglobulin and TSH
will vary directly with the severity of preeclampsia
e The degree of endothelial dysfunction will be higher and serum nitric oxide lower

among women with preeclampsia

1.6 Conceptual framework for the thesis

The conceptual framework for this research project (Figurel.1) was synthesized from literature
on the impact of iodine deficiency on pregnancy. lodine deficiency predisposes to defective
trophoblast proliferation and migration which are some mechanisms proposed in the aetiology
of placental type-preeclampsia (32, 58). The placenta is a high-metabolic organ with potential
for production of reactive oxygen species. It is also one of the organs with high physiological
concentrations of iodine whose antioxidant effect reduces lipid peroxide formation and may

ensure normal placentation and function (39, 40, 59).

Placental and foetal hypoxia following defective placentation in preeclampsia results in
increased production of reactive oxygen species (60-62). This predisposes in the short term to

intrauterine growth restriction (IUGR) and acute cardiovascular, renal and CNS injuries.

In addition, it predisposes the developing foetus to cardiac, vascular and metabolic illnesses in
adult life (62-64). Excess ROS lead to oxidation and disruption of the normal structure of
phospholipids, proteins and DNA (65).

Chronic iodine deficiency results in low thyroid iodine stores and diminished synthesis of
thyroid hormones, reduced T3/T4 negative feedback on the pituitary and hypothalamus a
situation that persistently activates TSH secretion from the pituitary gland (48).



Figure 1. 1: Conceptual framework

UIC: urinary iodine concentration; TGF- B: transforming growth factor; TPO-ab: thyroid peroxidase antibody; TG-ab: Thyroglobulin
antibody; NIS: Sodium iodide symporter; H,O,: Hydrogen peroxide; OH: hydroxyl radical; PIGF: Placenta growth factor.

This results in hyper-stimulation of the thyroid gland, increased thyroglobulin synthesis and
iodine clearance by up to 60% and increased thyroid volume and goiter in states (48). Secondly,
excessive TSH stimulation will lead to increased hydrogen peroxide (H202) production despite
insufficient iodide uptake by the thyroid. If selenium is also insufficient, the superoxide radical
(O2 ), a more potent reactive oxygen species than H>0>, accumulates because the insufficient
amounts of the selenium dependent superoxide dismutase (SOD) cannot convert all the O, to
H20> (66). If iron is also deficient, the haeme-dependent thyroid peroxidase (TPO) will not be
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available in adequate levels to catalyze iodide and reduce H>O>. Therefore, H2O2 will also
accumulate, leading to (oxidative) damage to the thyroid follicular cells, necrosis and

inflammation that could trigger autoimmune thyroid disease.

The increased circulation of superoxide and hydrogen peroxide radicals react with and rapidly
diminish the levels of Nitric Oxide (NO) forming peroxynitrite (ONOO-) a more potent oxidant
and inducer of inflammation and endothelial dysfunction (66). This further accentuates
oxidative stress and endothelial dysfunction, thus increasing the risk of preeclampsia (66-68).
Elevated serum TSH is also a known stimulant of endothelial dysfunction by inhibition of
endothelial NO synthase (69). This further reduces serum NO and accentuates the reduction in
flow mediated dilatation and endothelial activation, which are well-known features of
preeclampsia (70). Endothelial dysfunction has also been found to promote atherosclerosis and

to increase the risk of cardiovascular disease (71-73).

Dietary perchlorate, nitrate and thiocyanate have structural similarity to halides and
competitively inhibit the trapping and oxidation of iodide ions by the sodium/iodide symporter
and thyroid peroxidase respectively (30, 74, 75). This phenomenon is enhanced in states of
increased thyroid stimulation/high serum TSH secondary to underlying iodine deficiency or
secondary to physiological changes of pregnancy. Subsequently there is depletion of thyroid
iodine stores and increased renal loss of the un-trapped iodide, further aggravating the iodine
deficiency and predisposing to oxidant imbalance, endothelial dysfunction, goitre and other

adverse outcomes of iodine deficiency (30, 33, 48).

1.7 Setting for the case-control studies

This part of the research project was conducted at Nelson Mandela Academic and Mthatha
Regional Hospitals located at Mthatha Town in King Sabata Dalindyebo District. The
catchment area for the two hospitals comprises mainly of O.R. Tambo District Municipality
(ORTDM) as well as the bordering local districts of Chris Hani, Joe Gqabi and Alfred Nzo
municipalities (Figure 2). ORTDM occupies the eastern coastal portion of the Eastern Cape
Province, South Africa (76). It is bordered by KwaZulu-Natal province to the north, and by
other Eastern Cape district municipalities of Amatole, Chris Hani, Joe Ggabi and Alfred Nzo.
ORTDM extends over 15,946.84 Km? and incorporates five local municipalities (King Sabata

Dalidyebo, Mhlontlo, Nyandeni, Ngquza Hill and Port St Johns. In ORTDM women make up



53.3% while 59.2% of the population are under 25 years of age. Over 74% of the population

live below the poverty line (76).
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Figure 1. 2 : Map of the Eastern Cape Province, South Africa, showing OR Tambo and other

district municipalities. Inset is a map showing the various local districts that comprise OR
Tambo district municipality.
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Part 1: Assessment of the trends in prevalence of iodine deficiency in
pregnancy in Africa since implementing national iodine fortification
programs in 1995

This part comprises the following two chapters:

Chapter 2: The prevalence of insufficient iodine intake in pregnancy in Africa: a systematic
review and meta-analysis

Chapter 3: lodine nutrition status in Africa: potentially high prevalence of iodine deficiency
in pregnancy even in countries classified as iodine sufficient
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CHAPTER 2

The prevalence of insufficient iodine intake in pregnancy in Africa: a
systematic review and meta-analysis
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(The manuscript is currently under peer review)
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Businge CB, Longo-Mbenza B, Kengne AP. The prevalence of insufficient iodine intake in
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It is included at the end of this thesis as Appendix IVa.
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Abstract

Background: Fortification of foodstuffs with iodine, mainly through iodization of salt, which
began in several African countries after 1995 is the primary method for mitigating iodine
deficiency in Africa. We assessed the degree of iodine nutrition in pregnancy across Africa

before and after implementing national iodine fortification programs (CRD42018099434).

Methods: We searched Electronic databases and grey literature for baseline data before
implementation of population-based iodine supplementation and for follow-up data up to
September 2020. R-metamedian and metamean packages were used to pool country-specific

median UIC estimates and derived mean UIC from studies with similar features.

Results: Of 54 African countries, 23 had data on iodine nutrition in pregnancy mostly from
subnational samples. Data before 1995 showed that severe iodine deficiency was prevalent in
pregnancy with a pooled pregnancy median UIC of 28.6 pg/L (95% CI 7.6-49.5). By 2005,
five studies revealed a trend towards improvement in iodine nutrition state in pregnancy with
a pooled pregnancy median UIC of 174.1 pg/L (95% CI 90.4—257.7). Between 2005 and 2020
increased numbers of national and subnational studies revealed that few African countries had
sufficient, while most had mildly inadequate, and some severely inadequate iodine nutrition in

pregnancy. The pooled pregnancy median UIC was 145 pg/L (95% CI 126-172).

Conclusion: Improvement in iodine nutrition status in pregnancy following the introduction of
fortification of foodstuffs with iodine in Africa is sub-optimal, exposing a large proportion of

pregnant women to the risk of iodine deficiency and associated disorders.

keywords

lodine, insufficiency, pregnancy, Africa
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2.1 Background

lodine deficiency has a spectrum of consequences that not only affect pregnancy outcomes but
also subsequent childhood and maternal health (1-3). Foetal and maternal complications
include spontaneous miscarriages, growth restriction, still birth, maternal postpartum
thyroiditis and in cases of severe or persistent iodine deficiency, subclinical and overt
hypothyroidism, stunted growth, altered serum lipids, mental and motor deficits that can affect
both mother and child (1-3). The risk of these complications is higher in settings with endemic
iodine deficiency like most countries in Africa in the early 1990s before the initiation of iodine
fortification. The degree of iodine deficiency deteriorates in pregnancy due to physiological

increase in renal iodine filtration and subsequent loss in urine (4, 5).

Before programs encouraging the fortification of salt and other foodstuffs in Africa, it was
estimated that only 10% of the population on the African continent had adequate iodine
nutrition (6-8). This was attributed to low soil iodine content and high thiocyanate levels, one
of the major goitrogens on the continent (9). By 2019, surveys using national or subnational
samples of SAC yielded median UIC consistent with adequate iodine intake in most African
countries (10). Because of variation in dietary habits and iodine metabolism of school-age
children and pregnant women, the school-age children median UIC does not accurately predict
the degree of iodine nutrition among pregnant women from the same setting (11, 12). Of the
eleven African countries with data on iodine nutrition in pregnancy by 2017, five had

insufficient, four adequate and two more than adequate iodine intake in pregnancy (13).

A daily iodine intake of at least 200 g, up from the recommended 100-150 pg in non-pregnant
women, is necessary to cater for the physiological requirements of pregnancy and compensate
for the elevated renal losses (14). In pregnancy a median UIC of < 150 g/l reflects insufficient

intake while UIC of 150-249 ug/l adequate, 250-499 ug/l more than adequate and UIC>500
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Mg/l reflecting excessive iodine intake (15). It is uncertain if the iodine fortification efforts have
had a significant and sustainable impact on the iodine nutrition status in pregnancy in Africa

(16).

2.2 Rationale

We conducted this systematic review and meta-analysis to ascertain the trend in the prevalence
of insufficient iodine nutrition status (median UIC <150 pg/L) among pregnant women in
Africa following the implementation of national iodization programs and to establish if this has

had a positive impact on the iodine nutrition status of pregnant women in Africa.

2.3 Methods

The methods of this systematic reviews and meta-analysis were described in a protocol (17)
that was also registered with PROSPERO (CRD42018099434) Observational and intervention
studies with data on iodine nutrition status in pregnancy conducted in the various African
countries were included in this systematic review. The iodine nutrition status was defined
according to the WHO/ICCIDD classification of iodine intake of populations using median
urinary iodine concentration (14). All studies reported in the English or French, or Portuguese
languages and conducted on human subjects were considered. We excluded studies conducted
among populations of African origin but living outside Africa; studies lacking prevalence rates
and with absence of data to compute them; and studies not performed in human participants or
published in languages other than English, French and Portuguese. This systematic review is
reported in accordance with the Preferred Reporting Items for Systematic reviews and Meta-

Analysis (PRISMA) Guidelines (18).

Search strategy for study identification

Electronic searches
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We searched PubMed-MEDLINE, Google Scholar, SCOPUS, ISI Web of Science (Science
Citation Index), Africa Wide Information, African Index Medicus (AIM) and AFROLIB
databases for published studies on iodine deficiency in pregnancy in Africa up to 30"
September 2020. This search was conducted using a pre-defined comprehensive and sensitive
search strategy combining relevant terms with names of countries in Africa, to obtain the
maximum possible number of studies. The search was guided by the African search filter,
which has been reported to have good sensitivity (and improved precision) of 74% (1.3-9.4%)
and 73% (5-28%) for MEDLINE and EMBASE, respectively (19). This search filter included
names of each African country and shortened terms to capture studies from regions. Countries
with official names in a language other than English were entered in the official form, and for
countries that have changed names over time, both names were included in the search. The
search strategy can be found in the published protocol for this review (17). We also searched

reference lists of relevant citations for articles of interest.
Grey literature

We also searched for national ministries of Health, international organisations such as the
WHO, UNICEF, ICCIDD, IGN, other non-government organisations’ reports, conference and
workshop proceedings using Google scholar search engine and major relevant websites such

as WHO African Index Medicus and African Journals Online (AJOL).
Data management

All identified studies were entered into endnote software for de-duplication of records. Prior to
screening of studies, we created standardised questions according to the inclusion criteria

which were pre-tested on a sample of eligible studies.
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Screening

Two investigators (CBB and HM) independently selected studies that meet inclusion criteria.
Citations and abstracts were screened for possible inclusion, and duplicate citations were
excluded. Titles and abstracts were then screened following inclusion criteria described above,
following which the full texts of potentially eligible articles were obtained. The full texts were
then screened using a standardised and pre-tested form to include eligible studies.
Disagreements were resolved by consensus, or consultation of a third author (APK).
Corresponding authors of potentially eligible studies that did not report the relevant data were
contacted. Reasons for exclusion of non-eligible studies were documented. The entire selection

process was summarised in a flow chart (Figure 2.1)
Data extraction

Two investigators (CBB and HM) independently extracted data from included studies, using a
standardised and pre-tested data extraction form. Any inconsistencies or disagreement resolved

by consensus or consultation with the third investigator (APK).
Data items

Data including the year, geographic region and country where the study was conducted, year
of publication, study design, setting (rural or urban, health facility or community-based,
national or sub-national), sample size, and the criteria used for determination of the iodine
intake were extracted. The median (25th-75" percentiles) and or mean (standard deviation)

UIC were recorded.
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Figure 2. 1: Flow chart showing the processes of selection of studies included in the
systematic review



Assessment of methodological quality and risk of bias

Two investigators (CBB and HM) independently scored the quality of included studies. The
risk of bias in individual studies was assessed using the Risk of Bias Tool for Prevalence
Studies as previously described (17, 20). Discrepancies were resolved by consensus. The risk

of bias and quality scores are presented in Table 2.1.
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Table 2. 1: Characteristics of included studies

First author, year Country, period of data Sample type Sample size uiC Risk of Bias:
collection (National / Median [IQR] 0-3low
subnational) or [Mean £ SD] 4 - 6 intermediate
7 - 9 high
Before 1995
Chaouki, 1994 Algeria (1994) Sub-national 982 [17.9+0.1] 2—Ilow
Ngo, 1997 DRC (1991 -92) National 306 39.3[31.1, 52.9] 0—-low
1995 -2005
Hess, 1999 Cote de'lvore Sub-national 72 351 [74 - 2241] 2-low
Hess, 1999 Cote de'lvore Sub-national 66 136 [12 - 915] 1-low
Ojule 1998 Nigeria, 1998 Sub-national 90 [213.4 £9.9] 3-low
Ojule 1998 Nigeria, 1998 Sub-national 105 [149 + 14.7] 3-low
Dillon, 2000 Senegal 1996-1997 Sub-national 462 [60 + 39] 1-low
Eltom, 2000 Sudan 1998 - 1999 Sub-national 47 38[12.7,50.8] 3-low
Lwenje, 2000 Swaziland National 165 295 [95% CI 265.5-425.6] 1-low
2006-2020
Akdader-Oudahmane,
2020 Algeria 2016 - 2017 Sub-national 173 233157, 326] 4—intermediate
Garnier et al., 2016 Burkina Faso National 946 74 [NA, NA] 1-low
Kavishe et al., 2020 Burundi 2018 National 87 86.7 [NA, NA] 1-low
Habimanaetal., 2013 | DRC, 2009-2011 Sub-national 225 138 [105, 172] 1-low
IGN, 2017 Djibouti, 2015 (NS) National 230 265 [170, 445] 0-low
MOHP, 2017 Egypt, 2014-2015 National 1498 135 [NA, NA] 0-low
Hamza, 2007 Egypt, 2006 Sub-national 113 [102.9 £ 31.1] 2-low
Elsayed, 2016 Egypt,2016 Sub-national 400 170 [NA, NA] 1-low
Mohammed, 2019 Ethiopia, 2013-2014 Sub-national 562 120.6 [68.9, 216.4] 1-low
Fereja, 2018 Ethiopia Sub-national 354 85.7 [45.7, 136] 1-low
Kedir, 2014 Ethiopia, 2012 Sub-national 435 58.1[21.4,111.1] 1-low
Ersino, 2013 Ethiopia, 2009 Sub-national 172 15[2.5, 33] 2—-low
Takele, 2018 Ethiopia, 2017 Sub-national 403 137 [97,177] 1-low
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Keno, 2017 Ethiopia, 2014 Sub-national 40 88.6 [66.9, 133.5] 3-low
Negeri, 2014 Ethiopia, 2011 Sub-national 423 48 [NA, NA] 2-low
NaNA, 2019 Gambia 2018 National 118 113.5 [50.1, 205.9] 0—low
GHS, 2017 Ghana, 2015 National 102 183.5 [NA, NA] 0-low
Gyamfi, 2018 Ghana, 2016 (ss) Sub-national 239 159 [NA, NA] 3-low
Adu-Afarwuah, 2018 Ghana, 2009 - 2011 Sub-national 295 137 [78, 221] 2-low
Farebrother et al., 2018 | Kenya Sub-national 162 337 [198, 505] 4—intermediate
Randremanana, 2019 Madagascar, 2014 National 170 539, 89] 0-low
Stinca, 2017 Morocco 2013-2014 Sub-national 245 3217, 58] 3-low
Sadou 2013 Niger 2012 Sub-national 240 119 [NA, NA] 2-low
Hess, 2016 Niger, 2014 -2015 Sub-national 662 69 [38.1, 114.3] 1-low
Jibril, 2016 Nigeria, 2014 Sub-national 300 193 [NA, NA] 2-low
Kayode, 2019 Nigeria, 2012 Sub-national 133 135 [NA, NA] 1-low
Ujowundu, 2010 Nigeria, 2009 Sub-national 302 [152.09 + 41.65] 2-low
Rohner, 2016 Sierra Leone, 2013 National 154 175.8 [NA, NA] 0—low
MOH-FGS, 2020 Somalia, 2018 - 2019 National 236 369 [142.9, 752] 0—-low
Mabasa, 2019 South Africa, 2012 -2013 Sub-national 565 164 [92, 291] 3-low
Stinca, 2017 South Africa Sub-national 207 174 [95.3, 297.6] 3-low
Mtumwa, 2017 Tanzania, 2009 - 2010 National 947 136.8 [58.8, 258] 1-low
Ba, 2020 Tanzania, 2015 -2016 National 266 156.1 [64.6, 260.4] 0—low
Stinca, 2017 Tanzania, 2016 Sub-national 330 422 [270, 609] 3-low
Chinyanga, 2006 Zimbabwe, 2006 Sub-national 94 115.5 [43, 225] 4—intermediate
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Data synthesis, analysis and assessment of heterogeneity

Prevalence data was summarised by country and period of study (Table 2.1). Median pregnancy
IUC were pooled using R meta-median package. Sub-group analysis was carried out according
to the time the studies were conducted that is before 1995, between 199 and 004 and 2005-
2020 (Figure 2.2) In order to check for heterogeneity and publication bias, we transformed the
median and the interquartile (IQR) UIC data into sample means and standard deviations using
the quantile method for estimating the sample mean and the smoothly weighted estimator for
the sample standard deviation as described elsewhere (21, 22) (Table 2.3). The derived means
were then pooled using metamean R package and degree of heterogeneity between the included
studies and the difference in the mean of subgroups estimated. Publication bias was assessed

using a funnel plot and an accompanying linear regression test.

2.4 Results

Figure 1 shows the PRISMA flow chart of the study selection process. A total of 521 abstracts
were identified from the searches. After removing duplicates, the titles and abstracts of 182
articles were screened for eligibility. Of these, 62 full-text articles were accessed and screened
out of which 42 studies met the inclusion criteria and were included in the meta-analysis (23-
65).

Characteristics of included studies

Out of the 42 studies, two were carried out before 1995, five between 1995 and 2005, and
thirty-five between 2006 and 2020. Only eleven of the forty-two studies had data derived from
national representative samples. The internal and external validity of the included studies were
determined using a 9-point score (table 2.1). Most of the studies (37/42) had low risk of bias
with the rest having intermediate risk (Table 2.1).

The prevalence of insufficient iodine intake (UIC <150 pg/L) among pregnant women on the
various African countries before 1995, 1995 - 2005, and 2006 - 2020
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Before 1995, available data from two studies revealed moderate countrywide iodine deficiency
in pregnancy in the Democratic Republic of Congo at the time and severe iodine deficiency in
pregnancy in a subnational sample from North-Eastern Algeria (23, 24). The pooled median
UIC across the two studies was 28.6 pg/L (95% CI 7.6-49.5), with considerable heterogeneity
(12 99.73%, p < 0.001, Figure 2.2).

Between 1995 and 2005 four subnational studies from Ivory Coast, Nigeria Sudan and Senegal,
and one national survey from Swaziland (25-29) yielded a pooled pregnancy UIC of 174.1
ug/L (95% CI 90.4-257.7, Figure 2.2); with considerable heterogeneity (1> 99.96%, p < 0.001).

Between 2005 and 2020, 35 studies from 18 countries had pregnancy median UIC data. Eleven
of the studies were national surveys from 10 countries. These national surveys revealed more
than adequate intake in Djibouti and Somalia (30, 31) adequate iodine intake in Ghana, Sierra
Leone, and Tanzania (32-34); mild inadequate intake in Egypt, Gambia and Tanzania (35-37),
and moderate insufficient iodine intake in Burkina Faso, Burundi and Madagascar (38-40). The
remaining studies (41-65) were subnational. The pooled median pMUIC across the 35 studies
conducted between 2005 and 2020 was 145 pg/L (95% CI 126-172), with substantial
heterogeneity (12 99.81%, p < 0.001) (Figure 7.2). There was a significant increase in pregnancy
median UIC between 1995 and 2020 compared to the period before 1995 (Kendaull’s tau
correlation co-efficient 0.270, p = 0.032).
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Country, study period
Before 1995

Algeria (1994) (ss)
DRC (1991-92) (NS)

1995-2005

Cote de'lvore (ss)

Cote de'lvore (ss)
Nigeria, 1998 (ss)
Nigeria, 1998 (ss)
Senegal 1996-1997 (NS)
Sudan (ss) 1998-1999
Swaziland (NS)

2006-2020

Algeria 2016- 2017
Burkina Faso (NS)
Burundi 2018 (NS)

DRC, 2009-2011(ss)
Djibouti, 2015 (NS)
Egypt, 2014 -2015
Egypt, 2006

Egypt,2016

Ethiopia, 2013-2014 (ss)
Ethiopia

Ethiopia, 2012 (ss)
Ethiopia, 2009 (ss)
Ethiopia, 2017

Ethiopia, 2014 (ss)
Ethiopia, 2011 (ss)
Ethiopia

Gambia 2018 (NS)
Ghana, 2015 (NS)
Ghana, 2016 (ss)

Ghana, 2009 - 2011 (ss)
Kenya (ss)

Madagascar, 2014
Morocco 2013 - 2014 (ss)
Niger 2012 (ss)

Niger, 2014 -2015 (ss)
Nigeria, 2014 (ss)
Nigeria, 2012 (ss)
Nigeria, 2009 (ss)

Sierra Leone, 2013 (NS)
Somalia, 2018-2019
South Africa, 2012 -2013
South Africa

Tanzania, 2009 - 2010 (NS)
Tanzania, 2015-2016 (NS)
Tanzania, 2016 (ss)
Zimbabwe, 2006 (ss)

-750 -600

Author, year of publication

Chaouki, 1994
Ngo, 1997
Pooled median [95 % CI]

Hess, 1999
Hess, 1999
Ojule 1998
Ojule 1998
Dillon, 2000
Eltom, 2000
Lwenje, 2000

Pooled median [95 % CI]

Akdader-Ouda, 2020
Garnier et al, 2016
Kavishe et al, 2020

Habimana et al, 2013

IGN, 2015
MOHP, 2017
Hamza, 2007
Elsayed, 2016

Mohammed, 2019
Fereja, 2018

Kedir, 2014
Ersino, 2013
Takele, 2018

Keno, 2017
Negeri, 2014

Dispersion

[17.9+0.1]
39.3[31.1,52.9]
28.6[7.6-49.5]

351[74-2241]
136[12-915]
[213.4£9.9]
[149+14.7]
[60+39]
38[12.7,50.8]

295[C1265.5-425.6]

174[90.4- 257.7]

233[157, 326
74 [NA, NA]
86.7 [NA, NA]
138[105,172]
265 [170, 445]
135[NA, NA]
[102.9431.1]
170 [NA, NA]
120.6[68.9, 216.4]
85.7[45.7,136]
58.121.4,111.1]
15[2.5,33]
137[97,177]
88.6[66.9,133.5]
43 [NA, NA]

Pooled median [95% Cl] 58.1[88.6-137]

NaNA, 2019
GHS, 2017
Gyamfi, 2018
Adu-Afarwuah, 2018
Farebrotheret al, 2018
Randremanana, 2019
Stinca, 2017
Sadou 2013
Hess, 2016
Jibril, 2016
Kayode, 2019
Ujowundu, 2010
Rohner, 2016
MOH-FGS, 2020
Mabasa, 2019
Stinca, 2017
Mtumwa, 2017
Ba, 2020
Stinca, 2017
Chinyanga, 2006

Pooled median [95 % CI]

-450 -300

113.5[50.1, 205.9]
183.5 [NA, NA ]
159 [NA, NA]
137[78,221]
337198, 505]
539, 89]
32[17,58]
119 [NA, NA]
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Figure 2. 2: median urinary lodine concentration (IUC pg/L) of pregnant women for studies
conducted before 1995, between 1999 and 2004, and 2005 to 2020 (the dashed vertical line
shows adequate median UIC during pregnancy; a [b, c] denotes median with IQR, a [£b]
denotes mean and standard deviation, and a [b—c] median with the range). NS = national
survey; ss = sub-national survey.
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Derived mean UIC by time-period

The pooled derived mean pregnancy UIC (Table 2.2, Figure 2.3) was 27.96 pg/L (95% CI
11.6-67.04, tau 0.630) before 1995; 143.22 ug/L (95% CI1 108.65-188.78, tau 0.362) between
1995 and 2005; and 127.99 pg/L (95% CIl 108.59-150.85, tau 0.493); with significant
difference across time-period (Q = 12.24, d.f. = 2, p = 0.002).

Assessment of publication bias

We assessed publication bias using funnel plots. The funnel plot for the studies in the period
1995-2004 was not suggestive of potential publication bias (Figure 2.4) (R metabias linear
regression test t = - 0.36005, p-value = 0.7335). No additional studies were imputed after
checking for funnel asymmetry using the Twedie and Duval’s trim and fill test. The funnel plot
for the studies carried out between 2005 and 2020 was asymmetrical (Figure 2.5). The trim and
fill test imputed sixteen potential missing studies suggesting potential publication bias (Figure
2.6). The funnel plot asymmetry was confirmed by the R metabias linear regression test (t =
3.872, p < 0.001).

Table 2. 2: Means and standard deviations (SD) derived from the medians of the included
studies

First author, year Country, period of data Sample median Derived Derived SD
collection size mean

Chaouki, 1994 Algeria (1994) 982 17.9 17.9 0.1
Ngo, 1997 DRC (1991 -92) 306 39.3 43.7 215
Hess, 1999 Cote de'lvore 72 351 351 455
Hess, 1999 Cote de'lvore 66 136 184.2 192.3
Ojule 1998 Nigeria, 1998 90 213 213 9.9
Ojule 1998 Nigeria, 1998 105 149 149 14.7
Dillon, 2000 Senegal 1996-1997 462 60 60 39
Eltom, 2000 Sudan 1998 - 1999 47 38 33.6 29.1
Lwenje, 2000 Swaziland 165 295 299 30
Akdader-0, 2020 Algeria 2016 - 2017 173 233 234.8 37
Garnier, 2016 Burkina Faso 946 74 74 28.2
Kavishe, 2020 Burundi 2018 87 86.7 87 33.2
Habimana, 2013 DRC, 2009-2011 225 138 138.4 50
IGN, 2017 Djibouti, 2015 (NS) 230 265 294 205
MOHP, 2017 Egypt, 2014-2015 1498 135 135 50.5
Hamza, 2007 Egypt, 2006 113 102 102.9 31.1
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Elsayed, 2016
Mohammed, 2019
Fereja, 2018
Kedir, 2014
Ersino, 2013
Takele, 2018
Keno, 2017
Negeri, 2014
NaNA, 2019
GHS, 2017
Gyamfi, 2018

Adu-Afarwuah,
2018

Farebrother, 2018

Randremanana,
2019

Stinca, 2017
Sadou 2013
Hess, 2016
Jibril, 2016
Kayode, 2019
Ujowundu, 2010
Rohner, 2016
MOH-FGS, 2020
Mabasa, 2019
Stinca, 2017
Mtumwa, 2017
Ba, 2020

Stinca, 2017
Chinyanga, 2006

Egypt,2016

Ethiopia, 2013-2014

Ethiopia

Ethiopia, 2012
Ethiopia, 2009
Ethiopia, 2017
Ethiopia, 2014
Ethiopia, 2011
Gambia 2018
Ghana, 2015
Ghana, 2016 (ss)
Ghana, 2009 - 2011

Kenya
Madagascar, 2014

Morocco 2013-14
Niger 2012

Niger, 2014 -2015
Nigeria, 2014
Nigeria, 2012
Nigeria, 2009
Sierra Leone, 2013
Somalia, 2018 - 19

South Africa, 2012 -13

South Africa

Tanzania, 2009 - 2010
Tanzania, 2015 -2016

Tanzania, 2016
Zimbabwe, 2006

400
562
354
435
172
403
40
423
118
102
239
295

162
170

245
240
662
300
133
302
154
236
565
207
947
266
330
94

170 1735 56.5
120.6 136.1 109.6
85.7 89.3 67.2
58.1 63.8 66.7
15 16.9 22.8
137 137 59.5
88.6 96.8 51.2
48 48 17.9
1135 1237 116.7
183.5 1835 69.5
159 159 59.7
137 145.8 106.5
337 3472 229.6
53 50.2 59.8
32 35.9 30.6
119 119 44.8
69 73.9 56.4
193 193 715
135 138.5 58.5
151.1 152.1 417
175.8 176 65.9
269 424 454
164 183.3 147.9
174 189.8 151
136.8 151.9 147.9
156.1 160.6 146
422 4343 252.4
1155 128.5 137
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Study Mean MRAW 95%-CI

Study.period = Before 1995

Chaouki , 1994 ’ 1790 [17.89; 17.91]
Ngo, 1997 4370 [41 29 46.11]
Random effects model <> 30.77 [ 5.49; 56.05]
Heterogeneity g 1C ) == 32 064 [ )
Study.period = 1995 - 2004
Hess, 1999 —=—— 351.00 [245.90; 456.10]
Hess, 1999 —=— 184 .20 [137.81; 230.59]
Ojule 1998 213.00 [210.95; 215.05]
Ojule 1998 149.00 [146.19; 151.81]
Dillon, 2000 60.00 [56.44; 63.56]
Eltom, 2000 33.60 [25.28; 41.92]
Lwenje, 2000 299.00 [294 42; 303.58]
Random effects model - 177.16 [112.50; 241.82]
Heterogeneit =1 1 =7 i
Study.period = 2005 - 2020
Akdader Oudahmane, 2020 234 .80 [229.29; 240.31]
Garnier et al, 2016 7400 [72.20; 75.80]
Kavishe et al, 2020 87.00 [80.02; 93.98]
Habimana et al, 2013 138.40 [131.87; 144 93]
IGN, 2015 - 294 00 [267.51; 320.49]
MOHP, 2017 135.00 [132.44; 137.56]
Hamza, 2007 102.90 [97.17; 108.63]
Elsayed, 2016 173.50 [167.96; 179.04]
Mohammed, 2019 * 136.10 [127.04; 145.16]
Fereja, 2018 89.30 [82.30; 96.30]
Kedir, 2014 63.80 [57.53; 70.07]
Ersino, 2013 16.90 [ 13.49; 20.31]
Takele, 2018 137.00 [131.19; 142.81]
Keno, 2017 *. 96.80 [80.93; 112.67]
Negeri, 2014 4800 [46.29; 49.71]
NaNA, 2019 - 123.70 [102.64; 144.76]
GHS, 2017 - 183.50 [170.01; 196.99]
Gyamfi, 2018 : 159.00 [151.43; 166.57]
Adu-Afarwuah, 2018 + 145.80 [133.65; 157.95]
Farebrother et al, 2018 —— 347.20 [311.84; 382.56]
Randremanana, 2019 + 5020 [4121; 59.19]
Stinca, 2017 3590 [32.07; 39.73]
Sadou 2013 119.00 [113.33; 124.67]
Hess, 2016 7390 [69.60; 78.20]
Jibril, 2016 . 193.00 [184.91; 201.09]
Kayode, 2019 - 138.50 [128.56; 148.44]
Ujowundu, 2010 152.10 [147.40; 156.80]
Rohner, 2016 - 176.00 [165.59; 186.41]
MOH-FGS, 2020 —— 424 00 [366.08; 481.92]
Mabasa, 2019 + 183.30 [171.10; 195.50]
Stinca, 2017 - 189.80 [169.23; 210.37]
Mtumwa, 2017 - 151.90 [142.48; 161.32]
Ba, 2020 G 2 160.60 [143.05; 178.15]
Stinca, 2017 —— 434 30 [407.07; 461.53]
Chinyanga, 2006 - 128.50 [100.80; 156.20]
Random effects model < 151.33 [132.79; 169.87]
e St ' i T 1

-400 -200 0 200 400

Figure 2. 3: Forest plot showing subgroup analysis of derived mean UIC (ug/L) of the studies
conducted before 1995, 1995 to 2005, and 2005 to 2020
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Figure 2. 4: The funnel plot of the studies carried out between 1995 and 2004
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Figure 2. 5: The funnel plot of the studies carried out between 2005 and 2020
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Figure 2. 6: The trim and fill funnel plot of the studies carried out between 2005 and 2020

2.5 Discussion

This review has found that pregnant women in Africa had moderate-to-severe iodine deficiency
before the implementation of iodine supplementation in 1995. Mild to moderate iodine
deficiency in pregnancy was still prevalent in several regions of various African countries by
2005, the year designated for elimination of iodine deficiency globally. However, there was
significant improvement in the iodine nutrition status in pregnancy in Africa between 2005 and
2020 compared to the period before 1995 although this is still insufficient (median pMUIC <
150 ug/L). Overall, there is a paucity of nationwide representative data on iodine nutrition
status in pregnancy in Africa. Pregnancy median UIC data was available for about 50% of the

African countries with most derived from sub-national samples.

The limited available data before 1995 showed that some African countries had moderate to
severe regional or nationwide iodine deficiency in pregnancy (23, 24). This may reflect the
continental iodine nutritional status in pregnancy at that time since only about 10% of the

general population in Africa had adequate iodine nutrition before 1995 (6). Protracted iodine
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deficiency predisposes to severe thyroid hyper-stimulation, which together with the prevalent
dietary thiocyanates and nitrates in several African countries leads to inflammation, infiltration
by immune cells, oxidative damage to thyroid parenchyma and necrosis (66). This is
exacerbated by the increased loss of iodine through urine during pregnancy, which could

account for the disproportionately higher rates of thyroid diseases among women (4, 7)

Following the initiation of iodine fortification of foodstuffs in most countries in 1995 and
thereafter, the World Health Organisation (WHQO) earmarked the 2005 as the year for
elimination of iodine deficiency globally (14). Although the current study found a pooled UIC
of 174.1pg/L from eligible studies conducted between 1995 and 2005, which suggests
sufficient iodine intake during pregnancy, the number of studies was small and therefore not
representative of all the pregnant women in Africa during this period. The studies also revealed
that in several countries there were areas with optimum and others with insufficient iodine
nutrition status in pregnancy. This demonstrates lack of equity in implementation of iodine
deficiency mitigating strategies within individual countries. This could partly have been due to
the dependence on median school age UIC (SAC UIC) as a surrogate measure of national
iodine nutrition status. Median SAC UIC does not to accurately estimate iodine nutrition state
in pregnancy (11, 67). Hence, in areas with marginally sufficient iodine intake as estimated
using median SAC UIC, pregnant women and their unborn babies may still be at high risk of
iodine deficiency. However, the level of iodine insufficiency as revealed in studies conducted
between 1995 and 2005 was marginal compared to countries with data before 1995 implying a
significant positive impact of iodine fortification on the degree of iodine deficiency in

pregnancy in Africa.

Between 2005 and 2020, an increased number of national and sub-national surveys were
conducted to assess the iodine nutrition status in pregnancy in several African countries. Some
regions within individual countries had sufficient while others had various degrees of
insufficient iodine intake in pregnancy more than 20 years after implementation of iodine
fortification. Some of these subnational surveys revealed a pregnancy median UIC marginally
above the sufficient level. This implies that large proportions of pregnant women may still be

at risk of iodine deficiency and its attendant adverse effects.

2.6 Strengths and limitations

To our knowledge, this is the first systematic review aiming at assessing the level of iodine

deficiency among pregnant women in Africa from the time of initiation of iodine
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supplementation to September 2020. This review was limited by the small number of studies
before 1995 and by the subnational nature of the majority of studies conducted after 1995 most
of which were from small geographical locations within the African countries hence not

representative of national populations.

2.7 Conclusion

There is still paucity of data on iodine nutrition status in pregnancy from half of the countries
in Africa. The available data shows a significant but inadequate improvement in the iodine
nutrition status of pregnant women in several African countries after 1995. A few countries
still have moderate-to-severe iodine deficiency in pregnancy at national or regional more than

two decades after implementation of iodine food fortification.
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CHAPTER 3

lodine nutrition status in Africa: potentially high prevalence of iodine
deficiency in pregnancy even in countries classified as iodine sufficient

Businge CB, Longo-Mbenza B, Kengne AP. lodine nutrition status in Africa: potentially high

prevalence of iodine deficiency in pregnancy even in countries classified as iodine sufficient.
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Abstract

Background

lodine deficiency was endemic in many African countries before the introduction of iodine
fortification mainly through universal salt iodization programs about 25 years ago. However,
there is a scarcity of data on the level of iodine nutrition in pregnancy in Africa. Women living
in settings with pregnancy median urinary iodine concentration (pMUIC) below 150 pg/L are
at risk of iodine deficiency related pregnancy complications.

Objective

To assess the burden of iodine deficiency in pregnancy in Africa using estimated pregnancy

median urinary iodine concentration.
Design

pMUIC for each African country was estimated using a regression equation derived by
correlating the school-age children (SAC) median UIC (mUIC) and the pMUIC from countries
around the globe, and the SAC mUIC data for African countries obtained from the lodine
Global Network (IGN) 2017 and 2019 score cards.

Results: A cut-off school age median UIC <175 pg/L correlated with insufficient iodine intake
in pregnancy (pregnancy median UIC <150 pg/L). Twenty-two African countries had median
SAC UIC <175 pg/L, which correlated with insufficient iodine intake during pregnancy
(pPMUIC <150 pg/L). However, nine of these countries had adequate iodine intake based on
SAC median UIC.

Conclusion: There is likely a high prevalence of insufficient iodine intake in pregnancy,
including in some African countries classified as having adequate iodine intake in the general
population. A SAC median UIC <175 ug/L predicts insufficient iodine intake among pregnant

women in these settings.

Keywords—iodine deficiency, urinary iodine concentration, pregnancy, Africa
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3.1 Introduction

Over 89% of the African population was at risk of insufficient iodine intake before the wide
scale implementation of population-oriented iodine supplementation through food fortification
around 1995 (1, 2). lodine deficiency to a large extent was a result of low iodine content of soil
and groundwater, and diet rich in goitrogen (3-5). As from 1995, nationwide universal salt
iodization became the main approach of population-based iodine fortification in most African
countries (6). Other vehicles of iodine fortification in some in African countries include
bouillon cubes, canned foodstuffs, and other processed foods which are not necessarily

regularly consumed (7, 8).

lodine nutritional status in countries in Africa and elsewhere around the world has been
monitored using school-age children (SAC) median urinary iodine concentration (mUIC) (9).
However, SAC mUIC does not correctly predict iodine nutritional status in pregnancy (10, 11).
This can be attributed to the pregnancy induced physiological changes that predispose the
pregnant women to iodine deficiency through increased thyroid hormone production, increased
renal perfusion, increased iodine filtration and urinary iodine excretion in addition to increased
transfer of iodine to the foetus (12). In the general population, a median urinary iodine
concentration (UIC) of 100 - 199 ng/L is considered sufficient nutrition, while in pregnancy a
median UIC (pMUIC) below 150 pg/L indicates insufficient iodine intake (12). The prevalence
of insufficient iodine intake in pregnancy is likely to be high in African countries where a
significant proportion of the population has median UIC below 150 pg/L. In such countries,
large proportions of women of childbearing age could therefore be at risk of iodine deficiency
in pregnancy and associated adverse outcomes such as miscarriage, foetal and childhood
growth restriction, still-births, postpartum thyroiditis, subclinical and overt hypothyroidism,
dyslipidemia, neuro-cognitive and psychomotor deficits (13-15). There is a paucity of data on
the iodine nutrition status in pregnancy in Africa. Hence this study was carried out to assess
the prevalence of iodine deficiency in pregnancy in Africa using estimated pregnancy median
UlIC.

3.2 Methods

We estimated iodine nutrition in pregnancy using the most recent SAC median UIC from the
lodine Global Network (IGN) 2019 score card (16). The IGN publishes and updates the
national iodine nutrition status for most countries every 2 years. In the IGN 2017 score card 65

countries, including 11 in Africa, had data showing both SAC median UIC and pregnancy
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median UIC (17). We plotted the SAC median UIC against the pregnancy median UIC of these
65 countries to depict the linear relationship between the SAC median UIC and the pregnancy

median UIC (Figure 3.1) defined by the following regression equation:
Pregnancy MUIC = 6.8587 + 0.8208*SAC mUIC (r=0.8164, p < 0.001; r* = 0.6665)

(Figure 3.1)
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Figure 3. 1: Scatter plot, line of best fit and regression equation of pregnancy MUIC against
SAC median UIC

Using this regression equation and the most recent SAC median UIC of African countries
obtained from the IGN 2019 Score Card (16), the pregnancy median UIC was estimated for all

the African countries with recent iodine nutrition survey data.

3.3 Results

Forty-nine of the 54 countries in Africa had data on the iodine nutrition status in the general
population, estimated mainly though SAC UIC surveys (44/49) carried out between 2002 and
2018, except for Botswana, Central African Republic, Rwanda and Swaziland where the most
recent SAC UIC surveys were conducted between 1993 and 1999. Eleven of these 44 countries
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had both SAC median UIC and pregnancy median UIC survey data (16, 17). Three countries
had the iodine nutrition status estimated through surveys involving samples of women of
reproductive age (Gambia, Madagascar, and Sierra Leone), one from a sample of adults
(Mauritius) and another from a sample with broad age (Central African Republic). Five
countries (Congo, the Comoros, Libya, Sao Tome and Principe, and Seychelles) had no data

on iodine nutrition.

Of the 49 countries with UIC survey data available, three had insufficient iodine intake with
moderate deficiency (20—49 pg/L); seven had insufficient iodine intake with mild deficiency
(5099 pg/L); 18 had adequate iodine intake (100-199 pg/L); 17 had more than adequate
iodine intake (200-299 ug/L) exposing susceptible population groups to iodine-induced
hyperthyroidism; while 5 had excessive iodine intake (=300 pg/L) which increases risk of

autoimmune thyroid disease in addition to iodine induced hyperthyroidism (18) (Table 3.1).

Table 3. 1: SAC median UIC, measured and estimated Pregnancy Median UIC (pg/L) for
African Countries

Country SAC mUIC *Measured pMIUC Estimated pMIUC
Northern

Africa

Algeria 241 204.7
Egypt 170 135 146.4
Libya NA NA
Morocco 96 31 85.7
Sudan 66 61.0
Tunisia 220 187.4
Western NA NA
Sahara

Central Africa

Angola 29 30.7
Cameroon 190 162.8
CAR 21 24.1
Chad 213 181.7
Congo NA NA
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DRC

Equatorial-
Guinea

Gabon

Sao Tome &
Principe

West Africa
Benin
Burkina Faso
Cape Verde
Cote d'lvoire
Gambia
Ghana
Guinea
Guinea Bissau
Liberia

Mali
Mauritania
Niger
Nigeria
Senegal
Sierra Leone
Togo

Eastern Africa
Burundi
Comoros
Djibouti
Eritrea
Ethiopia
Kenya
Madagascar
Malawi
Mozambique

249
564

196
NA

318
99
115
203
143
130
139
110
244
69
179
101
130
104
203
171

70
NA
335
175
104
208

46
269

60

74

184

254

82

80
176

265

211.2
470

167.74
NA

267.9
88.1
101.3
1735
124.3
113.6
121.0
97.2
218.6
56.64
153.8
89.8
113.6
92.2
173.8
147.2

64.3
NA
281.8
150
92.2
177.6
44.6
227.7
49.3
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fRwanda 298 251.5

Somalia 417 349

South Sudan 94 84.0
Tanzania 204 171 174.3
Uganda 464 387.7
Southern

Africa

‘Botswana 219 186.6
Lesotho 215 183.3
Namibia 216 177.3
*Swaziland 120 105.4
South Africa 215 163 183.3
Zambia 245 208.0
Zimbabwe 220 187.4

NA: data not available, *data collected before 2002, *Measured pregnancy median UIC (IGN 2017)

The African countries with the lowest iodine intake in the general population (moderate iodine
deficiency status) were Angola, Central African Republic and Madagascar. Most countries with
mild iodine deficiency were from the Eastern and Western Africa while countries with optimal
iodine nutrition in the general population were evenly distributed across northern, eastern and
western regions of Africa. All Southern Africa countries apart from Swaziland had more than
adequate iodine intake in the general population (SAC mUIC 200 - 299 ug/L). Benin, Djibouti,
Equatorial-Guinea, Somalia and Uganda had excessive iodine intake (SAC mUIC > 300 pg/L),
likely attributable to enthusiastic implementation of iodine fortification programs without
regular evaluation (18); and in the case of Somalia and Djibouti, use of ground water that has

a high iodine concentration (5).

Of the 11 African countries with pregnancy median UIC survey data, Burkina Faso, Egypt,
Morocco, Niger and Senegal had inadequate iodine intake during pregnancy. Ghana, Sierra
Leone, South Africa, and Tanzania had adequate intake, while Djibouti and Liberia had more

than enough iodine intake in pregnancy (17).
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The pregnancy median UIC values calculated in the current study are comparable to findings
from population-based surveys from nine countries. The exceptions include Ghana (with
sufficient intake) found to have insufficient iodine intake in pregnancy in the current study and
Liberia (more than adequate intake) classified as having adequate iodine intake in pregnancy
(Figure 3.2).

After applying the WHO criteria for monitoring progress towards sustainable IDD elimination
where pregnancy median UIC <150 pg/L indicates insufficient iodine intake during pregnancy
(19), 22 of the 49 countries with median SAC data available, had insufficient iodine nutrition
during pregnancy with pregnancy (Figure 8.2). Sixteen had adequate and five had more than
adequate iodine intake in pregnancy. None of the African countries with available data had
pregnancy median UIC in the range of excessive iodine intake (pMUIC >500 pg/L). The
current study also found that a cut-off school age median UIC of <175 ug/L correlated with

insufficient iodine intake in pregnancy (pMUIC <150 pg/L) (Figure 3.1).

Egypt, Gambia, Ghana, Guinea, Guinea-Bissau, Niger, Nigeria, Senegal and Togo are the
African countries classified as having sufficient iodine intake in the general population (IGN,
2019) that in the current study have been found to have insufficient iodine intake in pregnancy
(estimated pMUIC <150 pg/L).
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UIC < 150pg/L

UIC 150- 249 pg/L

UIC 250- 499 pg/L

UIC > 500 pg/L

Data not available

Figure 3. 2: Map of Africa showing country specific iodine nutrition status during pregnancy
(pregnancy median UIC) as estimated from median SAC UIC

3.4 Discussion

Despite more than 25 years of iodine fortification in Africa, the prevalence of iodine deficiency
in pregnancy in Africa appears to have remained high. This high prevalence seems to be
masked by the reliance on SAC mUIC for the monitoring of the iodine nutrition status of
populations. Although 40 out 49 African countries are currently classified as having adequate
or more than adequate iodine intake based on SAC mUIC (16, 17), the current study estimated
that pregnant women in more than half of these countries may be prone to insufficient iodine

intake. This finding correlates with results from other studies that have shown SAC median
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UIC to inaccurately reflect the state of iodine nutrition of pregnant women within the same
study settings (10, 11, 20). The observed discrepancy between the SAC mUIC and pMUIC can
be attributed to variations in the access to iodine fortified foodstuffs, differences in food choices
between school-age children and pregnant women, and the high depletion of iodine stores in
pregnancy secondary to the increased thyroid hormone production, elevated renal filtration and

urinary iodine excretion, and trans-placental transfer of iodine to the foetus (10-12).

If future studies confirm the results of the current study, there will be a need to revisit ongoing
iodine fortification strategies especially in endemic areas for iodine deficiency. While universal
salt iodization is a popular and inexpensive approach suggested by the WHO and ICCIDD,
African countries with pregnancy median UIC <150 ug/L could require iodine supplementation
during pregnancy, especially those countries with SAC median UIC below 175 pg/L. Oral
iodized oil has previously been shown to improve and maintain the level of iodine nutrition
within normal limits among adults and children in areas with endemic iodine deficiency,
without causing neonatal or maternal hypothyroidism, hyperthyroidism or auto-immune
thyroiditis (21-23). This may help mitigate the morbidity which may accrue from widespread

insufficient iodine nutrition in pregnancy in Africa.

Since iodine deficiency tends to induce the most adverse effects during pregnancy, infancy and
lactation, an appropriate assessment of iodine nutrition would benefit from direct estimation of
the pregnancy median UIC as one of the baseline metrics. This can be complemented by
assessing the iodine nutrition status of infants although this may be quite challenging. This
could however be achieved through the use of the dry blood spot thyroglobulin test (24), if this
becomes readily available for public health use in iodine deficient endemic areas and

populations.

Although the current study found that five African countries are likely to have more than
adequate iodine intake in pregnancy, the thyroid dysfunction associated with high iodine intake
tends to be transient and mild especially if the increase in iodine intake in formerly iodine
deficient countries was gradual (18). Populations in countries with endemically higher water
iodine content such as Djibouti and Somalia tend to be tolerant to high daily iodine intake (5).
However, it is recommended that excessive iodine intake should be prevented especially in

countries formerly with chronic iodine deficiency (25).
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3.5 Strength and limitations

This study has provided an estimate the level of iodine nutrition state in pregnancy for most
countries in Africa and the minimum SAC median IUC that can be used to predict adequate
iodine nutrition status among pregnant women in these settings. The current study design
precluded reliable estimation of the true magnitude of iodine deficiency in pregnancy.
However, the data from the current study forms a basis for further research to ascertain the true
iodine nutrition status among pregnant women in the various countries in Africa. While
deriving the regression equation for estimating the pMIUC, we assumed that SAC mUIC would
correlate with pMIUC. However, this may not always be the case given the different vehicles

of iodine fortification around the world and the diverse nutritional practices during pregnancy.

3.6 Conclusion

Insufficient iodine nutrition in pregnancy seems to be prevalent in several African countries
even in countries thought to have sufficient iodine intake in the general population based on
SAC mUIC surveys. The SAC mUIC, the current recommended method by WHO to assess
iodine nutrition status, seems to conceal insufficient iodine nutrition in pregnancy. Optimum
assessment of iodine nutrition status in pregnant women may not be achieved without direct
estimation of the pregnancy mUIC. Oral iodized oil supplementation could be a possible
remedy for insufficient iodine nutrition in pregnancy in countries with high proportion of the
populations still prone to moderate-to-severe iodine deficiency despite universal salt

iodization.
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Part 2: Assessment of the relationship between iodine nutrition state in
pregnancy, thyroid dysfunction and preeclampsia

This part comprises the following three chapters:

Chapter 4: Insufficient iodine nutrition status and the risk of preeclampsia: a systemic review
and meta-analysis

Chapter 5: lodine deficiency in pregnancy, along a concentration gradient, is associated with
increased severity of preeclampsia in rural Eastern Cape, South Africa

Chapter 6: Mildly elevated thyroid-stimulating hormone is associated with endothelial
dysfunction and severe preeclampsia among pregnant women with insufficient iodine intake
in Eastern Cape Province, South Africa
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CHAPTER 4

Insufficient iodine nutrition status and the risk of preeclampsia: a systemic
review and meta-analysis

Businge CB, Usenbo A, Longo-Mbenza B, Kengne AP. Insufficient iodine nutrition status and
the risk of pre-eclampsia: a systemic review and meta-analysis. BMJ Open. 2021 Feb
10;11(2):e043505. doi: 10.1136/bmjopen-2020-043505.

The protocol for this systematic review was published in the BMJ Open journal:

Businge CB, Madini N, Longo-Mbenza B, Kengne AP. Insufficient iodine nutrition status and
the risk of pre-eclampsia: a protocol for systematic review and meta-analysis. BMJ Open.
2019;9(5):e025573.

The full text is included at the end of this thesis as Appendix IVDb.
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Abstract

Background: Although sub-clinical hypothyroidism (SCH) in pregnancy is one of the
established risk factors for preeclampsia, the link between iodine deficiency, the major cause
of hypothyroidism, and preeclampsia remains uncertain. We conducted a systematic review to
determine the iodine nutrition status of pregnant women with and without preeclampsia and

the risk of preeclampsia due to iodine deficiency around the globe.

Methods: MEDLINE, EMBASE, Google Scholar, SCOPUS and Africa Wide Information
were searched up to June 30" 2020. Random-effect model meta-analysis was used to pool mean
difference UIC between preeclamptic and normotensive controls; and to pool odds ratios and

incidence rates of preeclampsia among women with UIC <150 pg/L.

Results: Five eligible studies were included in the meta-analysis. There was a significant
difference in the pooled mean UIC of 254 preeclamptic women and 210 normotensive controls
enrolled in three eligible case-control studies (mean UIC 164.4 pg/L [95% CI 45.1-283.6, p <
0.01, 12 >50]). The overall proportions of preeclampsia among women with UIC <150 pg/L
and UIC >150 pg/L in two cross-sectional studies were 203/214 and 67/247 respectively with
a pooled odds ratio of 0.01 (95% CI 0.00-4.23, p = 0.14, 1> >50) for preeclampsia among
women with UIC >150 pg/L. The overall incidence of preeclampsia among women with UIC
<150 pg/L and UIC >150 pg/L in two cohort studies were 6/1411 and 3/2478 respectively with
a pooled risk ratio of 2.85 (95% CI 0.42—20.05, p = 0.09, 1><25)

Conclusion: Although preeclamptic women seem to have lower UIC than normotensive
pregnant women, the available data does not provide a conclusive answer on association of

iodine deficiency with preeclampsia risk.
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4.1 Introduction

Sub-clinical hypothyroidism (SCH) is a risk factor for preeclampsia, which is a prominent
cause of maternal and perinatal morbidity and mortality (1-3). lodine deficiency, which is
exacerbated by pregnancy related physiological changes, is a leading cause of hypothyroidism
(4, 5). Hence, among women within the reproductive age bracket, insufficient nutrition status
prior to the onset of pregnancy, which potentially worsens during pregnancy, could increase
the risk of preeclampsia like is the case for foetal neurological complications, particularly in
endemic iodine deficiency settings (6, 7).

Over two billion people live in areas with iodine insufficiency (8). lodine deficiency is on the
rise in areas originally thought to be iodine sufficient, despite concerted worldwide efforts to
promote iodine fortification. This is partly attributed to high concentration of perchlorate and
thiocyanate in water sources and the diet, which impairs the uptake of iodine by the thyroid
gland, particularly among individuals with TSH-related thyroid stimulation secondary to iodine
deficiency; and to ineffective implementation and monitoring of dairy and bread-based iodine

supplementation strategies (9-12).

In this systematic review and meta-analysis, using literature from around the world, we sought
to establish if there is a difference in the urinary iodine concentration (UIC) of pregnant women
with and without pre-eclampsia; and whether pregnant women with insufficient iodine

nutrition status are at increased risk of pre-eclampsia.

The study is reported according to the Preferred Reporting Items for Systematic reviews and
Meta-Analysis (PRISMA) Guidelines (13), and was based on a protocol that was registered
with the International Prospective Register of Systematic Reviews, PROSPERO (registration
no. CRD42018099427).

4.2 Methods
Inclusion criteria

The Population, Intervention/exposure, Comparison and Outcome (PICO) protocol guided the
selection of studies for inclusion. The target population were pregnant women, and the
exposure was insufficient iodine nutrition status before pregnancy for cohort studies, and
insufficient iodine nutrition status during pregnancy for case-control studies. The iodine
nutrition status was defined according to the World Health Organization / International Council

for Control of lodine Deficiency Disorders (ICCIDD) classification of iodine intake using
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median urinary iodine concentration (UIC) (14, 15). For pregnant women, a urine iodine
concentration (UIC) <150, 150-249, 250-499 and >500ug pg/L is considered an estimate of
insufficient, adequate, more than adequate and excessive iodine nutritional status, respectively
(15). The comparators were study participants with sufficient iodine nutrition status (UIC >150
Mg/L) during pregnancy (14, 15). The outcomes were the prevalence and incidence rates of
preeclampsia among women with and without adequate iodine nutrition status from which the

odds ratios for case control and risk ratios for cohort studies were determined.

Preeclampsia was defined as new onset hypertension after 20 weeks of amenorrhoea
characterised by elevated systolic blood pressure (SBP >140 mmHg) and/or diastolic blood
pressure (DBP >90 mmHg), based on two measurements four hours apart; or SBP>160 mmHg
and/or DBP>110 mmHg from a single measurement. Elevated BP had to be accompanied by
at least one of the following: proteinuria in 24 h-urine > 300 mg or protein/creatinine ratio >
0.3mg/mg or urine protein measured by dipstick > 2+; thrombocytopenia (platelets count less
than 150,000/uL), kidney insufficiency (serum creatinine levels above 90 pmol/L), decreased
liver function (AST and ALT twice higher than the upper limit of the reference interval),
compromised lung function or pulmonary oedema, visual or other symptoms and signs of
impaired cerebral function (16). There may be considerable heterogeneity if preeclampsia has
been variably defined in different studies that are eligible for inclusion in the current systematic

review.
Exclusion criteria

Studies were excluded if they lacked means, medians, odds ratios, incidence and prevalence
rates data to compute them even after repeated unsuccessful attempts to contact the authors via
email for relevant information. Letters to editors, reviews, commentaries, editorials and any

publication without primary data were also excluded.
Patient and public involvement
There was no involvement of the public or patients.

Search Strategy and Selection Criteria

We searched PubMed, Scopus, Web of Science, Academic Search Premier, Africa Wide
Information, CINAHL, Cochrane Library, Google Scholar, and Health Source:
Nursing/Academic Edition databases for all published studies on iodine deficiency and

preeclampsia up to 30" June 2020. This search was conducted using a pre-defined
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comprehensive and sensitive search strategy combining relevant terms and synonyms which
are variably used to denote abnormally high blood pressure in pregnancy and insufficient iodine

intake or iodine deficiency as detailed in the published protocol for this review (17).
Study Selection and Data Extraction

Two authors (CBB and AU) independently screened the titles and abstracts of identified
studies. Citations and abstracts were initially screened and duplicate citations excluded. Titles
and abstracts were then screened following inclusion criteria described in the protocol, after
which the full-texts of potentially eligible articles were obtained. These full texts were screened
using a standardised and pretested form to include eligible studies. Disagreements were
resolved by consensus. For each study, one reviewer (CBB) extracted the data and a second
reviewer (AU) checked the accuracy. For the five studies included here, there were no
disagreements between the two reviewers. Figure 1 shows the flowchart for the selection
process. The following data were extracted from the eligible studies: studies characteristics
(authors, years, design, and study regions), study population (age, and sample size), iodine
nutrition status of the various study groups, and the methods of outcomes measurement.

Quality Assessment

Two reviewers (CBB and AU) independently scored the risk of bias and the quality of included
studies (Tables 4.1 and 4.2) using the Newcastle-Ottawa scale (18). Inter-rater agreement on
screening, data abstraction and methodological quality (selection, comparability of groups and
ascertainment of exposure/outcome) was assessed using Cohen’s k coefficient (19). The Kappa
value for inter-rater agreement for quality assessment was 0.694 (p < 0.001). Discrepancies

were resolved by consensus.
Data synthesis, analysis and assessment of heterogeneity

The analysis was performed with the Review Manager (RevMan) Software, version 5.4 (The
Nordic Cochrane Centre, The Cochrane Collaboration) and the ‘meta’ and ‘metafor’ packages
of the statistical software R (version 4.0.2, The R Foundation for statistical computing, Vienna,
Austria). For the outcomes of interest (means, prevalence and incidence rates), random effects
model meta-analyses were used to pool estimates across studies with similar design (20).

Heterogeneity across studies was assessed using the Cochrane Q statistic and inconsistency
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index (1%) statistic and values ranked as indicating low: 12<25%; moderate: 25%-50%; high

heterogeneity: 12>50%) (21). The Egger funnel plot was used to check for publication bias (22).

Table 4. 1: Risk of bias assessment (Reviewer AU)

Study Study Type Selection Comparability Outcome/ AHRQ scale
Exposure good/fair/poor
Gulaboglu, 2009 Case-control Fkx faled faleie Good
Cuellar-Rufino, 2017  Case-control falaied *x ok Good
Businge 2017 Case-control Fhxk faled faleie Good
Yang 2018 Cohort study Fkk ** il Good
Xiao 2017 Cohort study ool ** ol Good
Table 4. 2: Risk of bias assessment (Reviewer CBB)
Study Study Type Selection Comparability Outcome/ AHRQ scale
Exposure good/fair/poor
Gulaboglu, 2009 Case control il ** il Good
Cuellar-Rufino, 2017 Case control Fokkx fale falaled Good
Businge, 2017 Case control Hkk ** ** Good
Yang, 2018 Cohort Fokkx fale falaled Good
Xiao, 2017 Cohort fulioll ** el Good
4.3 Results

The review process

The process for selecting the relevant studies is summarised in Figure 4.1. We identified a total

of 2380 records via database searches. After removing duplicates, we scanned the titles and

abstracts of 522 articles, of which 11 full texts were further reviewed. Of these, 5 articles met

criteria for inclusion in the current systematic review.
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PRISMA FLOW DIAGRAM

Figure 4. 1: Flow process of study selection
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All the five included studies were categorised as having a low risk of bias. Their characteristics

are summarised in Table 4.3. Three were institutional-based case-control studies one from each
of the following countries: Turkey, Mexico and the Democratic Republic of Congo while 2

were prospective cohort studies were from two different provinces (Henan and Liaoning) in

China (23-27).
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Table 4. 3: Characteristics of included studies

First author, year  Country Study Study period  Cases (n) Controls (n) Comparator Diagnostic Potential sources of
design criteria confounding
Gulaboglu, 2009 Turkey Case- Not stated Severe preeclampsia  Normotensives (18) Mean IUC Sandell-Kolthoff ~ Small sample
reaction Serum magnesium and other
control (40) . .
micronutrients
Cuellar-Rufino, Mexico Case- Jan—April Preeclampsia (20) Normotensives (37) Mean IUC Fast colorimetric ~ Small sample size
2017 control 2015 IUC<150 pg/L.  method
Taking all HDP as one group
Inclusion of women with
Previous HDP without matching
Other trace elements/ dietary
antioxidants
Businge, Congo Case- Jan 2007 to Preeclampsia (68) Normotensives (150) Mean IUC Sandell-Kolthoff ~ Non serial UIC
2017 Democratic ~ control December and Severe IUC<150 pug/L.  Reaction Different gestational ages
Republic 2008 preeclampsia/
Eclampsia (182)
Yang, 2018 Henan cohort July to Incident Incident IUC<150 pg/L.  Fastcolorimetric ~ Differences in BMI
Province, September preeclampsia 01/718  preeclampsia method
China 2015 for women with IUC  01/1602 for women UIC>249 pg/L
<150 pg/L with I[UC >150 pg/L
Small sample sizes within
Incident gestational Incident gestational comparative strata
HT 17/718 for HT 25/1602 for
women with IUC women with IUC
<150 pg/L >150 ug/L
Xiao, 2017 Liaoning Cohort 2012-2014 Incident Incident IUC<150 pg/L ~ Sandell-Kolthoff  Small number with iodine
province, preeclampsia 05/693  preeclampsia 02/876 Reaction IUC<150
China for women with IUC  for women with 1UC
<150 pg/L >150 pg/L GDM
Incident gestational  Incident gestational Other dietary anti-oxidants
HT 18/693 for HT  25/876  for
women with 1UC women with 1UC Single measurement
<150 pg/L >150 pg/L
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Meta-analysis
Mean difference in urinary iodine concentration of preeclamptic and normotensive women

Three studies reported the mean UIC of preeclamptic and normotensive pregnant women (23-
25). Overall, there was a significant and positive mean difference in UIC and standardised
mean UIC of normotensive pregnant women and preeclamptic women, with substantial

heterogeneity across studies (Fig 4.2).

Normotensive controls Preeclamptics Mean Difference Mean Difference

Studyor Subgroup _ Mean  SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Ci
Cugllar-Rufno 2017 1857  77.2 20 1422 848 37 326%  43.50(0.01,86.99) 3

Gulahoglu 2009 2089 B4 40 425 27 18 335% 166.40[14297,18083) .

Businge 2017 4239 13 150 1458 75 300 340% 278.00[37567, 28033 .

Total {95% CI) 210 255 100.0% 164.36 [45.14, 283.58] -
Heterngeneity Tau® = 10891 88; Chi*= 196 65, df= 2 (P < 0.00001); F= 39% : : : |

o _ 1000 -500 0 500 1000

Testfor overall eflect: 2= 2.70 (P = 0.007) Favours Preeclamptics  Favours normatensives
Figure 4. 2: Forests plot showing the mean difference in UIC of normotensive and

preeclamptic mothers
The risk of preeclampsia among women with UIC < 150 pg/L
Two case-control studies had data with proportions of preeclamptic and normotensive
participants with UIC above or below <150 pg/L (24, 25). The odds of preeclampsia among
women with UIC<150 pg/L was above unity for individual studies but the pooled odds ratio

of 86.73 (0.32, 23509.12) was not significant with substantial heterogeneity across studies (I

=73%) (Fig 4.3 and 4.4).

Experimental Control Odds Ratio Odds Ratio
Study Events Total Events Total Weight MH,Random, 95% CI MH, Random, 95% ClI
Businge, 2017 187 187 63 213 36.4% 445067 [8.97; 2207532 .11] ———

Cuellar-Rufino, 2017 16 27 4 29 636%  9.00[246;, 33.53] | §
Total (95% CI) 214 242 100.0% 86.73[0.32; 23509.12]

Heterogeneity: Tau’ = 12.4066: Chi>= 366, df = 1 (P = 0.06); = 73%
0.0010.1110 1000

Figure 4. 3: Forest plot showing the odds of preeclampsia among women with UIC < 150
Ho/L
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Study Log Odds Ratio

Businge, 2017 —_— 6.79[4.00, 9.58]

Cuellar-Rufino, 2017 | —m— 2.21[0.90, 3.51]
RE Model 4.33[-0.15, 8.80]

iIIIII
0 2 4 6 8 10

Log odds Ratio

Figure 4. 4Figure 4.4: Forest plot showing the Log odds of preeclampsia among women with
UIC > 150 pg/L. p = 0.068, Tau® = 9.8, 1> = 88.94%.

The incidence of preeclampsia in the two cohort studies was 2/2320 and 7/1576 respectively
(26, 27). There was no difference in the incidence of preeclampsia among participants with or
without low UIC (UIC <150ug/L) as shown in Figure 4.5.

Experimental
Study Events Total Events Tota
Xiao 2017 5 693 2 876 74.1%
Yang 2018 1 718 11602 25.9%

Total (95% Cl) 1411 2478 100.0%  2.89[0.42; 20.05] %

Heterogeneity: Tau® = 0.0013; Chf = 0.04, df = 1 (P = 0.83); = 0%
01 0512 10

ntrol Risk Ratio Risk Ratio
ight MH, Random, 95% ClI MH, Random, 95% CI

Figure 4. 5: Forest plot showing the risk of preeclampsia among women with <150 pg/L
(designated as the experimental group). Pooled RR 2.89 [0.42-20.05], t = 0.091.

Publication Bias

Visual inspection of funnel plot symmetry suggested potential publication bias for the studies
included in the meta-analysis of UIC difference preeclamptic and normotensive counterparts

as well as the odds of preeclampsia among women with <150 pg/L (Figure 4.6).
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Figure 4. 6: Funnel plot for the studies selected for the analysis of the mean difference UIC of
preeclamptic women and normotensive counterparts

After adjustment of the effect size for potential publication bias using the trim-and-fill correct
ion, 2 potentially missing studies (Figure 4.7) were imputed in funnel plot (Mean UIC differe
nces of -389.60 [-413.02; -366.17] and -512.50 [-556.23; -468.78] respectively. With potentia
I inclusion of the missing studies the pooled mean UIC was estimated to be -278.0000 [-438.3
025; -117.6975] which differs significantly from the pooled estimate of the three included stu

dies (p <0.001).
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Figure 4. 7: Funnel plots for publication bias in the studies selected for the analysis of the
mean difference UIC of preeclamptic women and normotensive counterparts. Empty circles
represent the 2 imputed studies.
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The funnel plot for the cohort studies included in the assessment of the incidence of
preeclampsia among women with UIC <150 pg/L was not suggestive of potential publication
bias (Figure 4.8).

Standard Error
1.06 0707
L ]

1414
|
L ]

Log Risk Ratio

Figure 4. 8: Funnel plot for the studies selected for the analysis of the risk of preeclampsia
among women with <150 pg/L

4.4 Discussion

The current review has shown that preeclamptic women have significantly lower mean UIC
than their normotensive counterparts. This trend was observed in all the 3 included studies
despite being from 3 different continents: Africa, Europe and South America (23-25). This
association between low UIC and preeclampsia may reflect inadequate iodine intake predating
pregnancy persisting till the third trimester that may increase the risk of preeclampsia among
susceptible women. A recent Norwegian study reported that among women with mild-to-
moderate deficiency, long-term preconception iodine supplementation was associated with

reduced incidence of preeclampsia (7).

Although there was a trend towards a positive association between low UIC (UIC<150ug/L)
in the third trimester and preeclampsia for the included case-control and cohort studies, the
pooled odds and risk ratios showed a non-significant association. The small number of eligible

studies that also had substantially high heterogeneity may partially account for this result.
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Hence, the available data does not provide a definitive answer on the risk of preeclampsia

associated with low UIC in the third trimester.

lodine deficiency is thought to predispose to incident preeclampsia through two mechanisms.
The first one is the reduction of the anti-oxidant capacity of the placenta, which is one of the
organs where the sodium iodine symporter maintains a high concentration of iodine which
among other roles, is thought to reduce oxidative stress and lipid peroxide formation which are
elevated in patients with preeclampsia (12, 28, 29). The second mechanism is persistent iodine
deficiency predisposing to elevated TSH. TSH operating via its endothelial receptors has been
shown to diminish endothelial Nitric Oxide and prostacyclin production as well as upregulate
endothelin production, which lead to endothelial dysfunction and systemic vasoconstriction
(30-32). Since baseline pre-pregnancy and serial pregnancy UIC analyses were not carried out
in the two cohort studies, it remains uncertain whether the iodine nutritional status at enrolment
truly reflected the iodine nutritional status before pregnancy and for the remaining duration of
the pregnancy following enrolment. lodine nutritional status is likely to change with dietary
habits and the progressive physiological changes of pregnancy. This could lead to
misclassification of study participants and dilute the association between iodine deficiency and
preeclampsia (33). The estimation of maternal intra-thyroid iodine concentration, even though
more technical, has been proposed as a more objective measure of pre-pregnancy iodine
nutrition status than spot UIC (34). Concurrent measurement of spot UIC and serum
thyroglobulin may help identify individuals with long-term exposure to iodine deficiency in
studies where it is not possible to measure serial UIC and intra-thyroid iodine concentration
(35, 36).

4.5 Study limitations

This review was limited by the small number of eligible studies with small sample sizes and
substantial heterogeneity. The varied research designs of the eligible studies precluded the

pooling of all the test results.

4.6 Conclusion

Although the UIC of women who present with preeclampsia seems to be lower than that of
women who remain normotensive till delivery, the available data is insufficient to reliably draw
a conclusion on the association of iodine deficiency with the risk of preeclampsia. More well-
designed and adequately powered studies that also include the estimation of pre-pregnancy

iodine nutrition status are needed to address this question.
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Abstract

Background: Preeclampsia is a leading cause of maternal mortality and morbidity in South
Africa. lodine deficiency in pregnancy, which is amenable to correction through iodine
supplementation, has been reported to increase the risk of preeclampsia. However, the

association of iodine nutrition status with preeclampsia in South Africa has not been studied.

Methods: Fifty-one randomly selected normotensive pregnant controls at term together with
51 consecutively selected cases of preeclampsia and 51 cases with severe
preeclampsia/eclampsia all in the third trimester were enrolled from Mthatha Regional and
Nelson Mandela Academic Hospital in the Eastern Cape Province, South Africa. The urinary
iodine concentration (UIC), serum thyroid-stimulating hormone (TSH), triiodothyronine
(FT3), thyroxine (FT4) and thyroglobulin (Tg) levels were compared between cases and

controls.

Results:  The median values for normotensive, preeclampsia and severe
preeclampsia/eclampsia participants were: age (yrs) 23, 24 and 19 p= 0.001; UIC (ug/L)
217.1,127.7, and 98.8 p=0.005; Tg (ug/L) 19.4, 21.4, and 32.9 p=0.001; FT4 (pmol/L) 14.2,
13.7, and 12.8 p=0.005; FT3 (pmol//L) 4.8, 4.4, and 4.0, p=0.001; TSH (mIU/L) 2.3, 2.3, and
2.5p=0.661). UIC <100 pg/L, Tg > 20ug/L and FT4 < 12 pmol/L were independent predictors

of preeclampsia.

Conclusion: women with preeclampsia/eclampsia had significantly lower UIC and higher Tg,
suggesting protracted inadequate iodine intake that was also associated with lower levels of
thyroid hormones. Inadequate iodine intake during pregnancy severe enough to significantly
lead to elevated Tg and or diminished FT4 was associated with increased risk of severe
preeclampsia.
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5.1 Background

Preeclampsia is a leading cause of maternal and perinatal morbidity and mortality around the
world, including in South Africa (1, 2). The foetal complications of preeclampsia arise from
placenta ischaemia. These include intrauterine growth restriction, intrauterine foetal death,
premature birth with attendant perinatal morbidity and mortality, increased risk of metabolic
syndrome in adult life (2, 3). The maternal complications of preeclampsia arise from
endothelial dysfunction leading to systemic malfunction. The systemic malfunction includes
thrombocytopenia, haemolysis, hepatocellular injury, pulmonary oedema, acute kidney failure,
cerebral oedema, cerebral haemorrhage, eclamptic fits, future cardiovascular disease and
maternal death (2, 3).

The exact cause of preeclampsia is not known with certainty (4). However, several risk factors
have now been identified (2). Thyroid dysfunction in pregnancy has also been associated with
preeclampsia (5). Particularly, overt and subclinical hypothyroidism are increasingly being
recognised as risk factors for preeclampsia (5-7). Hypothyroidism in pregnancy also
predisposes to increased risk of maternal-anaemia, caesarean delivery, post-partum
haemorrhage, miscarriage, low birthweight, low Apgar score and neonatal intensive care
admission (8, 9). Chronic iodine deficiency is associated with increased risk of hypothyroidism
(10). An association has been reported between iodine deficiency and preeclampsia (11, 12).
Therefore, the increase in renal filtration of iodine secondary to the physiological increase in
renal blood flow, and the progressive transfer of iodine to the foetus (13) may predispose
pregnant women with low daily iodine to iodine deficiency disorders and incident

preeclampsia.

The incidence of preeclampsia in the general population of South Africa and specifically in the
Eastern Cape is not known with certainty. In one study among South African primigravida
women, Moodley et al. (14) reported that the incidence of preeclampsia-eclampsia syndrome
was about 5.8% with a resultant perinatal mortality rate of 5.9% compared to 2.2% in the
general population. Panday et al. (15), in a community-based study in KwaZulu-Natal
Province, South Africa, reported an incidence of 12.5% of hypertensive disease in pregnancy
at the community level and 14.5% at the referral tertiary hospital. Hypertensive disease in

pregnancy accounts for about 22% of all preventable maternal deaths in South Africa (16).

Before universal iodization of salt South Africa had endemic iodine deficiency and this was
the underlying cause of wide spread goitre in the population (17, 18). Despite the initiation of
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universal salt iodization in 1995 about 30% of the population do not have regular access to
adequately iodized salt especially rural communities (17, 18). Since pregnancy is associated
with increased physiological iodine loss, undiagnosed iodine deficiency in pregnancy may be
prevalent in South Africa. Although the association between iodine deficiency and
preeclampsia has been reported in some studies (11, 12), such an association has not yet been
investigated in South Africa. If iodine deficiency in pregnancy, which can be mitigated with
iodine supplementation, is found to be a risk factor of preeclampsia in this population, efforts
to improve the iodine nutrition state in reproductive years may help reduce on the burden of

preeclampsia.

Therefore, this study was carried out to ascertain the iodine nutrition status of normotensive
pregnant women and counterparts with hypertensive disease in pregnancy; whether iodine
deficiency is associated with increased risk and severity of preeclampsia; and whether women
with preeclampsia/eclampsia had significant elevation of thyroid-stimulating hormone (TSH)

one of the pathological mechanisms of preeclampsia.

5.2 Materials and methods
Study site

The study was conducted at two hospitals in OR Tambo District Municipality (ORTDM),
Eastern Cape, South Africa. Mthatha Regional Hospital (MRH) is a 500-bed referral hospital
for the district hospitals and Health centres located in the King Sabata Dalindyebo Health sub
district (KSD) within ORTDM. It has a maternity unit of 80 beds that mainly conducts normal
deliveries as well as emergency and elective caesarean sections for low-risk antenatal mothers
and refers high-risk obstetrics patients to Nelson Mandela Academic Hospital (NMAH).
NMAH is an 800-bed teaching/tertiary hospital with 100 maternity beds also located in KSD.
It is also a tertiary and referral hospital for districts situated in the former Transkei region. This
area of the Eastern Cape is largely composed of rural and peri-urban human settlements with a
population of about 1.8 million people. About 4,500 births are conducted at the NMAH labour
ward, out of which 40% are mothers whose pregnancies are complicated with hypertensive

diseases in pregnancy.

Study design
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This was a case-control study to ascertain the relationship between iodine deficiency, SCH
secondary to iodine deficiency and preeclampsia among women attending NMAH and MRH
labour wards between August 2018 and March 2020.

Study setting and population

The study population comprised of women referred to NMAH with preeclampsia/eclampsia
during the study period and normotensive women without chronic medical diseases who have
come for delivery at Mthatha Regional Hospital and Nelson Mandela Academic Hospital,
Mthatha. Both hospitals care for patients referred from district hospitals and Community Health
Centres in the northeastern part of the Eastern Cape Province of South Africa, a region with a
high incidence of preeclampsia/eclampsia. This is also an area formally with endemic goitre
before iodization of salt was implemented in 1995 (17). Seventy-five percent of the population
are not gainfully employed hence considered to live under the poverty line.

Although iodization of salt was implemented in South Africa since 1995, the consumption of
iodized salt for some individuals including women in reproductive years could be inadequate
given that some rural communities have sometimes been prone to use of cheaper non-iodised
salt (18). Secondly, the peri-urban communities are more likely to be dependent on foodstuffs
from the food chain stores given the level of globalization (19). These have a high probability
of being processed without use of iodized salt, and may have high content of perchlorate a
common ingredient of fertilizers and an inhibitor of thyroid iodine uptake rendering the
population at risk of iodine deficiency that becomes more apparent during pregnancy (20).

Sample size

The sample size for the study will be determined as follows (21):
N = [(1/q1 +1/q2) SD? (z4 +2p)?] / E?

Where:

Z 1s the standard normal deviate of a (0.05) = 1.96

zp is the standard normal deviate of 3 (0.20) = 0.84

gl =% (the proportion of participants in study group 1)

g2 = Y (the proportion of participants in study group 2)
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SD = the standard deviation
E = the effect size (mean UIC of controls cases minus mean UIC of cases)
N = total number of study participants

Cuéllar-Rufino (9) found that the UIC of normotensive pregnant women was 185.7 + 77.16
Mg/L and that of women with hypertensive disease in pregnancy of 142.15 + 84.8 ug/L. The
difference in the two means (E) was 42.3 ug/L.

Assuming a difference in mean UIC (E) of cases with preeclampsia and normotensive pregnant
controls in our study population of 45 pg/L and a standard deviation of 80 pg/L

The sample size for the current study will be:

N = [(1/q1 +1/q2) SD? (z. +25)?] | E?

N = [(1/0.5 +1/0.5) (80)? (1.96 +0.84) %] / (45)?]

N = [4 x 6400 x 7.84] / (45 x 45)]

N =99.1

Each group of cases or controls should comprise at least 50 participants.

We enrolled 51 normotensive pregnant controls, and 51 newly diagnosed participants in each
group of cases of preeclampsia without severe features, and preeclampsia with severe
features/eclampsia. The cases were assigned the diagnosis of eclampsia, preeclampsia with or
without severe features according to the International Society for the Study of Hypertension in
Pregnancy (ISSHP) guidelines (22). Normotensive pregnant women admitted at term for
elective caesarean section and counterparts in latent labour at term admitted for vaginal

delivery were enrolled as controls.
Sampling

The participants with hypertensive disease in pregnancy (preeclampsia and eclampsia) were
enrolled by consecutive sampling while eligible normotensive controls were enrolled after
matching their chronological age with those of the cases and obtaining written informed
consent. All controls were enrolled at term just before delivery in order to avoid potential

misclassification of cases and controls.
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Inclusion and exclusion criteria

All consenting women who fulfilled the definition of cases or controls were eligible to
participate in the study. Women with multiple pregnancy, those with a history of thyroid
disease, chronic hypertension or a history of diabetes mellitus were excluded.

Ethics approval and consent to participate

This study was granted ethical approval by Human Research Ethics Review Committee of the
University of Cape Town (ref no. 135/2018) and Walter Sisulu University (ref no. 066/2017).
Informed consent was obtained from all the mothers that were enrolled in the study. The study

was conducted as stipulated in the Helsinki declaration.

Data collection

After obtaining written informed consent, we used a structured questionnaire to collect the
following data: participants’ age, parity, gestational age, past obstetric history of adverse
pregnancy outcomes, to rule out past medical history of thyroid disease or type 1 diabetes,

thyroidectomy, radioactive iodine therapy, and external radiotherapy of the head and neck.

The participants’ weight was measured using a portable electronic scale and height with a

portable height measuring board according to standard procedures (23).

The Blood pressure was determined by taking the average of the two measurements obtained
with an electronic sphygmomanometer taken at intervals > 2 minutes part according to the
American Heart Association guidelines (24).

Nitric oxide levels, TSH, free thyroxine (FT4), free triiodothyronine (FT3), and thyroglobulin
(Tg) were assayed from venous blood collected at enrolment that was immediately centrifuged,
and the serum aliquoted and stored at -20 OC until the time of analysis. The Roche/Hitachi
cobas-c systems electrochemiluminescence immunoassay was used for determining the levels
of serum TSH, FT4 and FT3. The inductively coupled plasma (ICP) Mass Spectrometry
method was used to determine the urinary iodine concentration (UIC) (25). The estimated daily
iodine intake was determined from the UIC as described by the United States Institute of
Medicine (26). Serum nitric oxide levels were determined using the Cayman Chemical
Nitrite/Nitrate Colorimetric Assay kit (Cayman Chemical company, 1180 E. Ellsworth RD

Ann Arbor, MI, USA) a two-step process where nitrate is first converted to nitrite using nitrate
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reductase followed by the addition of Griess Reagent 2 [N- (1-Naphthyl)ethylenediamine] that
converts nitrite into a deep purple azo compound whose concentration is then determined using

a colorimeter.

Statistical analysis

Data analysis was performed using soft-ware package IBM SPSS® STATISTICS version 22
for Windows (IBM Inc., Chicago IL, USA). We used the Shapiro—Wilk’s test to check if the
data followed the normal distribution. The data were summarized as proportions (%) for
categorical variables, means + standard deviation (SD) for normally distributed, and as median
(p25, p75) for skewed continuous variables, respectively. The Chi-square test was used to
compare the distribution of categorical variables by status for preeclampsia. The Jonckheere-
Terpstra test for trend, the Student’s t-test, Mann-Whitney U and Kruskal- Wallis tests were
used as appropriate for continuous variable comparisons across groups. Spearman correlation
was used to determine relations between variables in the groups. Univariable and multivariable
logistic regressions were used to investigate the correlates of preeclampsia. Thyroid function
parameters, categorised according to cut-off limits of normal ranges, and they included

potential confounders in the regression models. A p-value <0.05 was considered significant.

5.3 Results
General characteristics of the participants

There was no statistical difference in BMI, and gestational age at booking between the
normotensive controls and cases with hypertensive diseases in pregnancy (preeclampsia and
severe preeclampsia/eclampsia) (p > 0.05, Table 5.1). Participants with hypertensive diseases
in pregnancy tended to present before term (median gestational age of 34 (30, 39) and 35 (32,
38) weeks) compared to controls whose median gestation age at enrolment was 38 (37, 40)
weeks. Participants with severe preeclampsia/eclampsia were significantly younger than their
normotensive counterparts (p = 0.004), they also had significantly lower number of pregnancies
(gravidity) (p = 0.030). The highest recorded blood pressure levels during the antenatal period
and the blood pressure levels at enrolment were as expected significantly higher among cases
than controls (p <0.001, Table 5.1).
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Table 5. 1: The general characteristics of normotensive pregnant controls and cases of preeclampsia and severe preeclampsia/eclampsia [median
(25" and 75™ percentiles)]

Variable Normotensive Preeclampsia *P value Severe preeclampsia/ #P value
(n=51) (n=51) eclampsia
(n=51)
Age (years) 23 (17, 28) 24 (20, 29) 0.341 19 (18, 23) 0.004
BMI (kg/m?) 27.7 (25.5, 30.9) 29.3(26.5, 35.3) 0.060 27.1(23.2, 36.7) 0.250
Gravidity 1(1,2) 1(1,2) 0.941 1(1,1) 0.030
GA at booking (WOA) 20.1 (17.5, 23.3) 22.0 (20.0, 25.8) 0.171 22.0 (19.0, 24.0) 0.274
GA at enrolment (WOA) 38 (37, 40) 34 (30, 39) <0.001 35 (32, 38) <0.001
Highest SBP (mmHg) 121 (114, 127) 151 (145, 160) <0.001 162 (154, 174) <0.001
Highest DBP (mmHg) 74 (60, 78) 100 (90, 109) <0.001 102 (94, 114) <0.001
SBPe (mmHg) 123 (113, 130) 139 (126, 146) <0.001 144 (130, 151) <0.001
DBPe (mmHg) 77 (70, 84) 90 (81, 99) <0.001 92 (81, 99) <0.001
NO (umol/L) 5.2 (4.0,7.5) 4.2 (4.0,5.1) 0.001 3.4 (1.8, 4.6) <0.001

*P value: Mann-Whitney test normotensive vs preeclampsia; £*P value: Mann-Whitney test normotensive vs severe preeclampsia/eclampsia; GA gestational age; WOA weeks of amenorrhoea;
BMI body mass index; SBP systolic blood pressure; DBP diastolic blood pressure; SBPe systolic blood pressure at enrolment; DBPe diastolic blood pressure at enrolment; NO nitric oxide; (p25,
p75) 251 and 75™ percentiles.
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Both cases of preeclampsia and those with severe preeclampsia/eclampsia had significantly

lower levels of nitric oxide than normotensive pregnant controls (Table 5.1).
Renal, thyroid function and iodine nutritional status of cases and controls

There was no difference in the median serum creatinine of normotensive pregnant controls and
participants with uncomplicated preeclampsia (56.0 and 58 pmol/L respectively, p= 0.507)
Although the median serum creatinine of women with severe preeclampsia was significantly
higher than that of normotensive pregnant controls (68.0 umol/L, p = 0.001, Table 5.2), it was
still within the normal third trimester range (35-80 pmol/L) with the 75" percentile in the range
of mildly elevated serum creatinine in pregnancy. Participants with preeclampsia and severe
preeclampsia/eclampsia had significantly lower median UIC (respectively 127.7 and 98.8
pg/L) than controls (217.1 pg/L) (Table 2). However, it is only the participants with severe
preeclampsia/eclampsia when compared to controls who had a significantly lower median
estimated daily iodine intake (respectively 178.2 and 362.2 pg/day, p = 0.004), urine
iodine/urine creatinine ratio (respectively 12.5 and 30.7 g/mol, p = 0.017), serum FT4 (12.8
and 14.2 pmol/L respectively, p <0.001) and FT3 (4.0 and 4.8 pmol/L respectively, p <0.001)
but significantly higher median serum thyroglobulin (32.9 and 19.4 pg/L respectively, p
<0.001) (Table 5.2).

There was no significant difference in the median serum TSH levels of both groups of cases
and the controls, (Table 5.2).

Using second and third trimester upper serum TSH limit of 3.0 IU/L (27) and the 10" FT4
percentile of 11.3 pmol/L (28) to determine the thyroid function status, the prevalence of
subclinical hypothyroidism (SCH) was 23.5%, 25.5% and 27.5%; and overt hypothyroidism
(OH) 3.9%, 5.9.0% and 7.8% respectively for normotensive pregnant women, severe
preeclampsia and eclamptic participants (p = 0.18) hence no significant difference between the

groups (Table 5.3). There were no participants with overt or subclinical hyperthyroidism.
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Table 5. 2: Comparison of median (p25, p75) of thyroid function parameters TSH, FT3, FT4, Tg, UIC estimated daily iodine intake (EDII) of
normotensive pregnant controls and cases of preeclampsia and severe preeclampsia/eclampsia

Variable Normotensive Preeclampsia *P value Severe preeclampsia/ eclampsia #P value
(n=51) (n=51) (n=51)

Ser Cr (umol/L) 56.0 (42.0, 65.0) 58.0 (45.0, 115.8) 0.507 68.0 (53.0, 99.6) 0.001*
UIC (ug/L) 217.1 (110.3, 374.5) 127.7 (75.7, 365.0) 0.046* 98.8 (39.9, 312.8) 0.005*
EDII (pg/day) 362.2 (171.5, 662.8) 240.0 (128.5, 767.0) 0.144 178.2 (68.5, 508.2) 0.004

UI/UCr (g/mol) 30.7 (18.9, 88.5) 24.6 (9.9, 144.4) 0.321 12.5(5.1,72.9) 0.017*
FT4 (pmol/L) 14.2 (13.0, 16.1) 13.7 (11.4, 16.0) 0.117 12.8 (11.5, 14.6) 0.001*
FT3 (pmol//L) 4.8 (4.2,5.0) 4.4 (4.0,5.0) 0.087 4.0 (3.3,4.7) <0.001*
Tg (ug/L) 19.4 (125, 31.2) 21.4 (13.2, 36.3) 0.405 32.9 (18.8, 50.9) <0.001*
TSH (mIU/L) 2.3(1.7,3.1) 2.3 (1.9, 3.3) 0.443 2.5 (1.6, 3.7) 0.424

*P value: Mann-Whitney U Test normotensive vs preeclampsia; $*P value: Mann-Whitney U Test normotensive vs severe preeclampsia/eclampsia; * p <0.05; Ser Cr serum creatinine; UIC urinary
iodine concentration; EDII estimated daily iodine intake; UI/UCr urine iodine-creatinine ratio; FT4 free thyroxine; FT3 free Triiodothyronine; Tg Thyroglobulin; TSH thyroid-stimulating hormone;

Table 5. 3: Thyroid function status of normotensive, preeclamptic, severe preeclampsia/ eclamptic participants

Thyroid status Normotensive Preeclampsia Severe preeclampsia/eclampsia Chi P value
n (%) n (%) n (%) square

Euthyroid 36 (70.6) 27 (52.9) 25 (49.0) 8.926 0.18

SCH 12 (23.5) 13 (25.5) 14 (27.5)

Hypothyroxinaemia 1(2.0) 8 (15.7) 8 (15.7)

Overt Hypothyroidism 2 (3.9) 3(5.9) 4 (7.8)

Total 51 (100) 51 (100) 51 (100)

SCH: subclinical hypothyroidism
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The trend of thyroid function parameters and other assays with increasing severity of
preeclampsia

The levels of serum FT3, FT4, and urinary iodine and the urine iodine/creatinine ratio showed
a significant diminishing trend and serum thyroglobulin an increasing trend with the severity
of hypertensive disease in pregnancy. Serum TSH levels showed a modest non-significant
increase along the gradient of severity of hypertensive disease in pregnancy (Table 5.2 and
5.4).

Table 5.4: Jonckheere-Terpstra test for trends of Table4: Jonckheere-Terpstra test for trend of

various variables along the gradient of severity of preeclampsia (normotensive, preeclampsia
and severe preeclampsia/eclampsia)

Variable Standard J-T statistic P value for trend
Highest SBP 10.19 <0.001
Highest DBP 8.64 <0.001
TSH 0.836 0.403
Tg 3.60 <0.001
FT4 -3.17 0.002
FT3 -4.26 <0.001
uliC -2.97 0.003
Nitric oxide -4.76 <0.001
Serum creatinine 3.26 0.001
Urine iodine-creatinine ratio -2.43 0.015

SBP systolic blood pressure; DBP diastolic blood pressure; TSH thyroid-stimulating hormone; Tg Thyroglobulin; FT3 free
Triiodothyronine; UIC urinary iodine concentration; FT4 free thyroxine

Correlates of preeclampsia

Participants with preeclampsia/severe preeclampsia/eclampsia were taken together as one
group in comparison with normotensive pregnant controls to ascertain if UIC was an
independent predictor of preeclampsia-eclampsia syndrome. In regression models that included
UIC and potential confounders, urinary iodine concentration, serum thyroxine and
thyroglobulin and were significantly associated with increased odds of preeclampsia-eclampsia
syndrome after adjustment for age, gravidity, BMI, TSH, FT3 (Table 5.5)
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Table 5. 5: Univariable and multivariable odds ratios of urinary iodine concentration, thyroid
hormones and other factors that are associated with preeclampsia-eclampsia syndrome

Variabl Univariable Multivariable OR
arlable OR (95% CI) P value (95% CI) P value
Age < 20 yrs 151 (0.75-3.01) 0.248 1.14 (0.41-3.25) 0.792
Gravidity < 1 1.70 (0.86-3.38) 0.128 1.96 (0.73-5.26) 0.184
BMI >30 Kg/m? 1.04 (0.52-2.12) 0.905 1.53 (0.62-3.74) 0.355
TSH= 3.0 [U/L 1.32 (0.63-2.77) 0.460 1.14 (0.48-2.73) 0.765
FT3<43pmollL 234 (1.16-4.72) 0.017 2.07 (0.94-4.54) 0.071
FT4<12pmollL 421 (1.53-11.59) 0.005 507 (157-16.39)  0.007
Tg > 20 g/l 2.79 (1.39-5.58) 0.004 3.11 (1.41-6.85) 0.005
UIC < 100 pg/L 3.37 (1.52-7.46) 0.003 265 (1.12-6.25) 0.026

BMI: Body mass index; TSH: Thyroid-stimulating hormone; FT3: Triiodothyronine; FT4: Thyroxine; Tg: Thyroglobulin;
UIC: urine iodine concentration; OR odds ratio; Cl confidence interval.

Coefficients of variation

Apart from FT4 and FT3 the rest of the biomarkers had high co-efficients of variation (Table
6)

Table 5. 6: The ranges and co-efficient of variation of various assays

Assay Range Co-efficient of
variation
Thyroid-stimulating hormone (1U/L) 0.9-11 0.60
Free thyroxine (pmol/L) 4.0-20.6 0.20
Free triiodothyronine (pmol/L) 1.9-6.9 0.20
Thyroglobulin (ug/L) 1.3-147.2 0.78
Urinary iodine concentration (ug/L) 00-1247.7 1.173
Nitric oxide (umol/L) 0.2-12.5 0.52
Serum creatinine (umol/L) 27.0-402.0 0.62
Urine iodine-creatinine ratio (g/mol) 00-2024.5 2.31

5.4 Discussion

This study finds women with preeclampsia had insufficient iodine intake (median urinary
iodine concentration < 150 pg/L) while normotensive pregnant women from the same setting
had adequate iodine intake in pregnancy. The degree of insufficient iodine nutrition increased
while serum nitric oxide levels decreased with the severity of preeclampsia. In addition, low
urinary iodine concentration, low serum thyroxine and high serum thyroglobulin were
independent predictors of hypertensive disease in pregnancy in the study population. These
findings correlate with previous case-control studies that have found a positive association
between insufficient iodine intake and preeclampsia (12, 29, 30). A recent systematic review

found a significant difference in the mean UIC of preeclamptic and normotensive pregnant
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controls but no increased risk of preeclampsia among pregnant women with UIC < 150 pg/L
in the included cohort studies (31). The study was however limited by the very few numbers
of included studies and high heterogeneity across studies. Reische et al. (32) in a recent case
control study using nationally representative data from Finland reported no difference in serum

iodine, TSH and other thyroid parameters of preeclamptic and normotensive pregnant women.

Despite these seemingly conflicting studies, the results our study are in line with findings of
Abel et al. (11) who in a recent Norwegian Cohort study reported the risk of preeclampsia to
increase with the degree of inadequate iodine intake. In the same study, supplementation with
iodine before the onset of pregnancy reduced the risk of preeclampsia (odds ratio 0.85 (95%
CI 0.74, 0.98). It seems plausible that iodine deficiency predisposes to increased risk and
severity of preeclampsia at higher degrees of iodine deficiency. Our results reveal that even
though participants with uncomplicated preeclampsia had lower UIC and higher Tg than
normotensive controls, these were not significantly different and tended to be in the range of
mild clinical derangement. However, women with preeclampsia complicated with severe
features had thyroid function parameters suggestive of moderate iodine deficiency with
significantly elevated Tg that suggests longer exposure to iodine deficiency. Considering the
results of Abel et al. (11), the exposure to iodine deficiency among women with severe

preeclampsia in our study may have predated the current pregnancy.

lodine is one of the exogenous scavengers of oxidative molecules produced during various
metabolic processes (33, 34). Compared to the first two trimesters of pregnancy, women in the
third trimester have a higher metabolic rate and are predisposed to greater iodine loss due to
increased renal filtration (35, 36). Hence, women with low thyroid iodine content at the
inception of pregnancy will be at risk of developing oxidative imbalance with resultant
reduction in Nitric Oxide the principal mediator of endothelial relaxation (37, 38). This may in
part explain the findings in the current study where the levels of systolic and diastolic blood
pressure increased while the urinary iodine concentration and serum nitric oxide reduced along

the gradient of severity of preeclampsia.

Although spot UIC is not a reliable predictor of prolonged exposure to inadequate iodine
nutrition (39), the significantly higher serum thyroglobulin levels among women with severe
preeclampsia/eclampsia compared to normotensive pregnant controls in the current study
seems to suggest prolonged iodine deficiency. During the acute phase of iodine deficiency, the

thyroid gland undergoes autoregulation that is independent of TSH in which there is increased
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vascularity and iodide uptake and maintenance of physiological levels of T3 and T4 (40). If
mild-to-moderate iodine deficiency persists, apart from preferential T3 production, there is
increased production of less iodinated thyroglobulin, which easily leaks into the blood stream
(40, 41). This may account for the higher serum thyroglobulin observed among preeclamptic
participants in the current study who also had UIC levels suggestive of moderate iodine

deficiency.

The significantly lower FT3 and FT4 in the background of low UIC among women with
preeclampsia when compared to normotensive women suggests inadequate iodination of
thyroglobulin secondary to iodine deficiency (40, 42). However, the levels of serum FT3 and
FT4 of the women with preeclampsia were still within physiological ranges, hence the mild but
non-significant elevation in TSH. Previous research has revealed that high serum TSH is
associated with endothelial dysfunction (43). The proposed mechanism is the protracted
stimulation of endothelial TSH receptors that is associated with diminished endothelial NO
synthase activity ultimately leading to vasoconstriction and reduced flow-mediated dilatation
(44, 45).

Overt and subclinical hypothyroidism were more prevalent among women with hypertensive
disease in pregnancy. However, they did not emerge as independent predictors of hypertensive

disease in pregnancy in the study population.

5.5 Strengths and limitations

The inclusion of three comparison groups of varying severity of preeclampsia in the current
study and the concurrent measurement of urinary iodine concentration and serum thyroglobulin
has enabled an adequate assessment of the influence the level of iodine deficiency on the
severity of preeclampsia. The study is however limited by our inability to measure levels of
selenium another micronutrient whose deficiency is associated with thyroid dysfunction as well
as vitamin C and Vitamin E, known dietary antioxidants, whose deficiency has variably been
associated with preeclampsia. In addition, we could not collect some clinical data such as foetal
weight that would have enabled us to detect foetal growth restriction, a criterion for diagnosis
of preeclampsia. Resource constraints precluded the histological assessment of the placentae
that would have further assessed the vascular changes of the cases and controls. Other
limitations include the significant difference in gestation age at enrolment and inability to
assess the influence of iodine status on postpartum preeclampsia. While the high coefficient of
variation for various variables could indicate substantial variability that can affect internal
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validity, this may have arisen from the heterogenous nature of the 3 study groups that had

varied levels of pathology.

5.6 Conclusion

lodine deficiency, diagnosed in the current study through low UIC, resultant
hypothyroxinaemia and elevated thyroglobulin, are independent predictors of preeclampsia.
Specifically, iodine deficiency that is severe enough to lead to hypothyroxinaemia and elevated
thyroglobulin was associated with increased risk of severe preeclampsia/eclampsia in the study

population.
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CHAPTER 6

Mildly elevated thyroid-stimulating hormone is associated with endothelial
dysfunction and severe preeclampsia among pregnant women with
insufficient iodine intake in Eastern Cape Province, South Africa

Businge CB, Longo-Mbenza B, Kengne AP. Mildly elevated thyroid-stimulating hormone is
associated with endothelial dysfunction and severe preeclampsia among pregnant women with
insufficient iodine intake in Eastern Cape province, South Africa. Ann Med. 2021;53(1):1083-
1089.
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Abstract

Background: Preeclampsia and hypothyroidism are associated with endothelial dysfunction.
lodine deficiency is a risk factor for subclinical hypothyroidism in pregnancy. However, there
is a paucity of data on the relationship between iodine nutrition state in pregnancy, the degree

of endothelial dysfunction and the risk of preeclampsia.

Methods: Ninety-five normotensive pregnant women, 50 women with preeclampsia with no
severe features, and 50 women with severe preeclampsia were enrolled into the current study
from the maternity units of Nelson Mandela Academic Hospital and Mthatha Regional
Hospitals in Eastern Cape Province, South Africa. Urinary iodine concentration (UIC), serum
markers of thyroid function, aortic augmentation index and pulse wave velocity (PWV) were

compared.

Results: Median UIC was 167.5 pg/L, 127.7 pg/L and 88.5 pg/L respectively for normotensive
pregnant women, those with preeclampsia and severe preeclampsia (p=0.150). Participants
with severe preeclampsia had significantly higher median thyroid-stimulating hormone (TSH)
and oxidised LDL than normotensive and preeclamptic women without severe features
(respectively 3.0, 2.3 and 2.3 IU/L; 1.2, 1.0 and 1.0 IU/L, p < 0.05). The median Aortic
augmentation index was 7.5, 19.0 and 21.0 (p < 0.001) and the pulse wave velocity 5.1, 5.7 and
6.3 respectively for normotensive, preeclampsia and severe preeclampsia participants (both
p<0.001). In linear regressions, TSH, age and hypertensive disease were independent

predictors of elevated PWV.

Conclusion: Upper normal-range TSH levels in women with severe preeclampsia were
associated with markers of endothelial dysfunction. The iodine deficiency and trend towards
elevation of thyroglobulin suggest that inadequate iodine intake likely increase TSH levels and

indirectly cause endothelial dysfunction.
Keywords:

Preeclampsia, iodine deficiency, elevated thyroid-stimulating hormone, Pulse Wave Velocity,

endothelial dysfunction

92



6.1 Background

Endothelial dysfunction, which is characterised by atherosis and vasoconstriction, is a
precursor of cardiovascular disease (1, 2). Both preeclampsia and hypothyroidism are risk
factors for cardiovascular disease among women (3-5). High serum thyroid-stimulating
hormone (TSH) levels above the physiological range, a common feature of subclinical (SCH)
and overt hypothyroidism (OH), predispose to endothelial dysfunction through inhibition of
endothelial Nitric oxide (NO) synthase (6-8). This leads to diminished flow mediated dilation
that is modulated by local endothelial NO synthesis in the lumen of the blood vessels (7). The
resultant arterial stiffness is an early marker of incident cardiovascular disease and a
pathological feature of preeclampsia (1). Due to the transfer of iodine across the placenta to the
growing foetus and the increased physiological renal filtration and loss of iodine in urine during
pregnancy, pregnant women in populations with insufficient iodine intake are at increased risk
of worsening iodine deficiency (9, 10). This is now thought to lead to subclinical or overt
hypothyroidism, endothelial dysfunction, preeclampsia and other adverse pregnancy outcomes

such as miscarriage, preterm delivery and intrauterine growth restriction (11-13).

We carried out this case-control study to find out how the iodine nutrition status and serum
TSH levels varied with the degree of endothelial dysfunction and severity of preeclampsia

among women in the Eastern Cape South Africa.

6.2 Methods
Study setting

The participants were enrolled at the maternity units of Nelson Mandela Academic Hospital
and Mthatha Regional Hospitals situated in OR Tambo municipality one of the rural districts
in the Eastern Cape Province, South Africa. South Africa is one of the sub-Saharan countries
with iodine deficient soils (14). Universal salt iodization has been implemented in South Africa
for about 25 years however, 30% of the population especially in rural settings do not have

access to adequately iodised salt (14).

Sample size calculation

Namugowa and Meeme (15) found the mean pulse wave velocity (PWV) of preeclamptic and
normotensive pregnant women of 6.7 = 1.5 and 5.1 + 0.7 m/s respectively (a difference of 1.6
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between the two means). Assuming a standard deviation for PWV of 1.5 in our study
population, a sample size of 126 (42 preeclamptic and 84 normotensive pregnant women) has
power of 0.80 at an alpha of 0.05 to detect a difference of 0.8 between the mean PWV of

preeclamptic and normotensive pregnant women.
Enrolment of participants

Cases were women diagnosed with preeclampsia according to the criteria stipulated by the
International Society for the Study of Hypertension in Pregnancy (ISSHP) (16). Controls were
pregnant women who remained normotensive and presented at term either in latent labour or

for delivery by elective caesarean section.

We enrolled 195 participants who voluntarily accepted to participate in the current study (50)
women with preeclampsia with no severe features, and 50 women with severe preeclampsia
who were matched for chronological age with 95 normotensive pregnant women. The
participants with preeclampsia were consecutively enrolled soon after diagnosis while the
normotensive pregnant women were selected by simple random sampling of women with
similar chronological age who remained normotensive till they presented at term in early labour

or for elective caesarean section.
Inclusion and exclusion criteria

All women who fulfilled the criteria for cases or controls were eligible for inclusion in the
study after providing informed consent. Potential participants who had a history of thyroid
disease, those currently with multiple pregnancy, those who had conceived after artificial
reproductive technique procedure, and those with chronic hypertension or a history of diabetes

mellitus were excluded.

Data collection

Data on demographic and past obstetric history was obtained in addition to the participants’
weight and height that were measured using standard procedures. The Blood pressure was
measured according to the American Heart Association guidelines, with the patient’s elbow
flexed at the heart level. The average of the two measurements with a standard mercury
sphygmomanometer taken at intervals > 2 minutes after the participants had been sitting for at
least 30 minutes was used (17). The degree of endothelial dysfunction was determined by

calculating the pulse wave velocity and the augmentation index using the SphygmoCor system
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(version 7.01, Atcor Medical, Sydney, Australia). Venous blood was collected, centrifuged,
and the serum aliquoted and stored at -20 OC until analysed for thyroid function tests (TSH,
free thyroxine [FT4], free triiodothyronine [FT3], and thyroglobulin). These were compared
with the trimester specific ranges (18, 19). The TSH, FT4 and FT3 levels were determined
using the Roche/Hitachi cobas-c systems, an electrochemiluminescence immunoassay
(ECLIA) technology. Mid-stream urine was collected and the Urinary lodine concentrations
determined using the inductively coupled plasma (ICP) Mass Spectrometry method according
to the manufacturer’s instructions (Quadrupole Inductively Coupled Plasma Mass
Spectrometry (X-Series 2 ICP-MS-Thermo- Fisher Scientific, Bremen, Germany) as
previously described (20). Median urinary iodine concentrations of < 150, 150-249, 250-499
and >500ug respectively are a measure of insufficient, adequate, more than adequate and
excessive iodine intake during pregnancy (21).

Statistical analysis

The IBM SPSS STATISTICS version 22 for windows (IBM Inc., Chicago IL, USA) soft-ware
package was used for data analysis. Data were checked to identify variables that were normally
distributed using the Shapiro—Wilk’s test. The data were then summarized into proportions (%)
for categorical variables, means + standard deviation (SD) for normally distributed, and as
median (p25, p75) for non-normally distributed variables, respectively. The Chi-square test
was used to compare the distribution of categorical variables by status for preeclampsia. The
Student’s t-test, Kruskal-Wallis and Mann-Whitney U tests were used as appropriate for
continuous variable comparisons across groups. Univariable and multivariable linear
regression were used to investigate the correlates of preeclampsia. A p-value <0.05 was

considered significant.

Ethical considerations

The Human Research Ethics Review Committee of Walter Sisulu University and the University
of Cape Town approved this study (reference number 066/2017 and 135/2018 respectively).
Participation in the study was voluntary with the participants having the freedom to withdraw
from the study at any time. All participants that were enrolment into the study provided

informed consent.
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6.3 Results

The normotensive pregnant women, women with preeclampsia and severe preeclampsia had

comparable age (median of 23, 24 and 23 years respectively) and BMI (median 28, 29.3 and

30.2 Kg/m?), p >0.05 (Table 6.1). The normotensive pregnant women had a higher gestational

age at enrolment (median of 39.0 WOA) than women with preeclampsia (34.0 WOA) and

severe preeclampsia (32.5 WOA) p <0.001. The peripheral systolic and diastolic pressure as

well as the aortic systolic and diastolic pressure of normotensive pregnant women were

significantly lower than that of women with preeclampsia and severe preeclampsia p < 0.05,

Table 6.1).

Table 6. 1: general characteristics, endothelial, and thyroid function features of cases and

controls
Variable Normotensive Preeclampsia Severe preeclampsia P-value

Median (p25, p75) Median (p25, p75) Median (p25, p75)
Age (years) 23(20.0, 29.0) 24.0 (20.0, 29.8) 23.0 (20.0, 29.0) 0.839
BMI (Kg/m?) 28.0 (25.9, 31.6) 29.3(27.0, 38.8) 30.2 (26.2, 34.6) 0.180
GA at enrolment 39.0 (37.0, 40.0) 34.0 (29.3, 38.8) 32.5 (30.0, 36.3) <0.001
(WOA) '
Peripheral systolic 121 (114.0, 127) 139.5 (128.3, 145.5) 143.0 (130.8, 158.0) <0.001
BP (mmHg) '
Peripheral diastolic 76.5 (70.0, 82.0) 90.0 (81.0, 99.0) 95.0 (84.5, 102.3) <0.001
BP (mmHg) '
Aortic systolic BP 106.0 (98.5, 115.0) 128.0 (117.0, 138.5) 126.0 (120.0, 144.0)
<0.001

(mmHg)
Aortic diastolic BP 79.5(72.0, 84.0) 94.0 (85.8, 94.0) 98.0 (93.0, 124.0) <0001
(mmHg) '
Aortic Augmentation 2.0 (0.0,5.0) 5.0 (1.0, 10.0) 7.0 (2.0, 13.0) <0001
BP (mmHg) '
Aortic Augmentation 7.5 (-1.0, 18.3.0) 19.0 (6.0, 32.0) 21.0 (8.0, 39.0) <0.001
index '
Pulse wave velocity 5.1(4.7,5.7) 5.7 (4.9, 6.5) 6.3(5.7,7.0) <0.001
(m/s) '
OxLDL (IU/L) 1.0 (0.9, 1.2) 1.0 (0.8,1.2) 1.2 (1.0, 1.3) 0.003
TSH (1U/L) 2.3(1.8,3.1) 2.3(1.8,3.3) 3.0(2.2,4.2) 0.005
UIC (ug/L) 167.5 (88.5, 295.5) 127.7 (75.8, 364.3) 88.5 (52.6, 550.5) 0.150
Thyroglobulin (ug/L) 19.7 (13.0, 34.8) 21.4(13.2,36.2) 22.4 (15.0, 38.5) 0.785

BMI: body mass index; GA: gestational age; WOA: weeks of amenorrhoea; BP: blood pressure; OXLDL.: oxidised low-density

lipoprotein; TSH: thyroid-stimulating hormone; UIC: urinary iodine concentration

The median aortic augmentation pressure was 2.0, 5.0, and 7.0 mmHg respectively for

normotensive, preeclampsia and severe preeclampsia participants (p < 0.001). A similar pattern
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was also observed for the Aortic augmentation index (medians of 7.5, 19.0 and 21.0, p <0.001)
and the pulse wave velocity (m/s) (medians of 5.1, 5.7 and 6.3 respectively for normotensive,
preeclampsia and severe preeclampsia participants (p < 0.001, Table 6.1). Participants with
severe preeclampsia had significantly higher TSH and oxidised low-density lipoproteins than
the counterparts with preeclampsia or normotensive pregnant controls (p < 0.001, Table 6.1).
There was no significant difference in the UIC and thyroglobulin of the three groups (p =
0.785). However, the median UIC of normotensive pregnant women, those with preeclampsia
and severe preeclampsia were 167.5 pg/L, 127.7 pg/L, 88.5 pg/L respectively demonstrating
adequate, mild and moderate insufficient iodine intake in pregnancy that is clinically

significant.

We used the second and third trimester upper serum TSH limit of 3.0 IU/L (18) and the 10"
FT4 percentile of 11.3 pmol/L (19) to determine the thyroid function status. The prevalence of
subclinical hypothyroidism (SCH) and overt hypothyroidisms (OH) were SCH: 22.9%, 24%
and 35.6%; and OH: 3.5%, 6.0% and 11.1% for normotensive pregnant women, preeclampsia
and severe preeclampsia participants respectively (Table 6.2).

Table 6.2: Thyroid function status of normotensive, preeclampsia and severe preeclampsia
participants

Thyroid status Normotensive Preeclampsia Severe Chi P
n (%) n (%) preeclampsia square  value
n (%)
Euthyroid 59 (67.8) 27 (54.0) 17 (37.8) 13.788  0.032
SCH 20 (22.9) 12 (24.0) 16 (35.6)
Hypothyroxinaemia 5(5.8) 8 (16.0) 7 (15.6)
Overt 3(3.5) 3(6.0) 5(11.1)
Hypothyroidism
Total 87 (100) 50 (100) 45 (100)

SCH: subclinical hypothyroidism

Of the three markers of iodine nutrition status (UIC, thyroglobulin and TSH), TSH was
positively correlated with PWV, aortic systolic and diastolic pressure, as well as peripheral
diastolic and systolic pressure (Tables 6.3 and 6.4). UIC was significantly correlated with
oxidised LDL (Pearson correlation coefficient 0.205, p = 0.008).
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Table 6. 3: parametric correlation matrix of iodine nutrition biomarkers and biomarkers of endothelial dysfunction

Pearson TSH uiC Tg PWV ASBp ADBp PSBp PDBp AABp AAI
correlation 002 182" 194° 250" 208" 108 161" 099 108
ToH p value 978 022 012 001 007 162 037 205 166
correlation 002 062 010 -.036 -.060 006 059 -.079 -.040
vie p value 978 460 895 647 444 934 453 314 610
correlation 182" 062 -.076 086 096 061 -.004 071 007
E p value 022 460 357 295 245 459 957 387 930

TSH: thyroid-stimulating hormone; UIC: urinary iodine concentration; Tg: thyroglobulin; ASBp: aortic systolic blood pressure; ADBp: aortic diastolic blood pressure; PSBp: peripheral systolic blood pressure; PDBp:

peripheral diastolic blood pressure; AABp: aortic augmentation blood pressure; AAL: aortic augmentation index. * p<0.05; **p<0.01.

Table 6. 4: non-parametric correlation matrix of iodine nutrition biomarkers and biomarkers of endothelial dysfunction

Spearman’s TSH uic Tg PWV ASBp ADBp PSBp PDBp AABp AAI

rho -.079 .182" 113 223" .255™ 175" .188" .058 .052
TSH

p value 319 .022 147 .004 .001 .023 .015 456 .502

rho -.079 -.042 .012 -.093 -.038 -.052 .004 -.134 -131
uic

p value 319 .616 .878 .235 .629 .509 .959 .087 .095

rho 182" -.042 -.061 127 .082 .067 -.031 .025 .007
Tg

p value .022 616 459 124 319 417 .705 .766 .930

TSH: thyroid-stimulating hormone; UIC: urinary iodine concentration; Tg: thyroglobulin; ASBp: aortic systolic blood pressure; ADBp: aortic diastolic blood pressure; PSBp: peripheral systolic blood pressure; PDBp:

peripheral diastolic blood pressure; AABp: aortic augmentation blood pressure; AAL: aortic augmentation index. * p<0.05; **p<0.01.
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Participants with TSH > 4 [U/L, in comparison with those with TSH < 4 IU/L, had higher
median pulse wave velocity, and borderline higher aortic systolic and diastolic pressure, as well
as peripheral diastolic pressure (5.4 vs 6.0, 115 vs 122 mmHg, 84 vs 91 mmHg and 82 vs 88
mmHg respectively) (Table 6.5).

Table 6. 5: Median pulse wave velocity, aortic systolic and diastolic pressure, and peripheral

diastolic pressure of participants with Thyroid-stimulating hormone levels <4 IU/L or > 4
IU/L

Variables TSH <4 1U/L TSH >4 IU/L *P value
Median (p25, p75) Median (p25, p75)

Pulse wave velocity (m/s) 5.4 (4.7,6.3) 6.0 (5.1,7.1) 0.025

Aortic systolic (BP mmHQg) 115.0 (104.0, 126.0)  122.0 (105.8, 135.8) 0.057

Aortic diastolic (BP mmHg) 84 (77.0, 95.0) 91.0 (81.5, 107.0) 0.055

Peripheral diastolic (BP mmHg) 82.0 (75.0, 92.5) 88.0 (77.3, 95.2) 0.252

*Mann-Whitney U test

In multivariable linear regression models that included maternal age and hypertensive disease
status, two known independent predictors of endothelial dysfunction as well as gestational age,
a potential confounder that was statistically significant on univariable analysis, TSH together
with maternal age and hypertensive disease status remained independent predictors of PWV
(Table 6.6).

Table 6. 6: Linear regression univariable and multivariable Beta coefficients of the factors
associated with pulse wave velocity

Variable Univariable Beta coefficient P value Multivariable Beta coefficient
(95% CI) (95% CI)

Age (years) 0.036 (0.011-0.061) 0.005 0.037 (0.013-0.061)
HDP 0.469 (0.282-0.656) <0.001 0.353 (0.116-0.590)
TSH (UI/L) 0.142 (0.031-0.253) 0.012 0.109 (0.001-0.217)

GA (weeks) -0.062 (-0.095—-0.030) <0.001 -0.029 (-0.067-0.100)
Parity 0.106 (-0.05-0.216) 0.060

BMI (Kg/m?) 0.008 (-0.20-0.035) 0.583

TSH: Thyroid-stimulating hormone; HDP: hypertensive disease in pregnancy; GA: gestational age
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6.4 Discussion

In the current study, the pulse wave velocity (PWV), aortic augmentation index and
augmentation pressure, which are measures of arterial stiffness (22) were significantly
increased among women with preeclampsia when compared with normotensive pregnant
controls. This is consistent with other studies and implies structural changes in lamina media
of the aorta among women with elevated values (23, 24). PWV, an objective measure of
endothelial dysfunction and arterial stiffness, becomes elevated secondary to changes in
vascular wall especially a higher collagen-elastin ratio that decreases dispensability (25).

The current study also found that elevated TSH is an independent predictor of PWV after
adjusting for maternal age, gestational age and preeclampsia status. Elevated TSH level,
consistent with SCH, was associated with significantly higher median PWV. This is similar to
findings by others who reported that even mildly elevated TSH was associated with endothelial
dysfunction and structural vascular changes associated with arterial stiffness (26, 27) although
the study was not conducted among pregnant women. The mildly elevated TSH observed in
the current study was not associated with atherogenic lipid profile that has been reported in
some previous studies (28).

Although there was no significant correlation between UIC and TSH, participants with severe
preeclampsia had lower median UIC but higher median TSH, which suggests prolonged
exposure to insufficient iodine intake. This finding correlates with that of Abel et al. (13) who
reported that women with insufficient iodine intake at the inception of pregnancy are at
increases risk of preeclampsia and other adverse pregnancy outcomes. Screening for iodine
deficiency and supplementation is not yet part of the routine maternity care in South Africa
(29). Of recent iodine intake in pregnancy in South Africa was reported to be adequate (30,
31). However, these surveys did not use nationally presentative samples hence could have
masked inadequate iodine intake in pregnancy in some local geographical settings.

The degree of iodine deficiency and the levels of oxidized LDL both increased with the severity
of preeclampsia. Oxidized LDL is a known precursor of atherosis, endothelial dysfunction and
arterial stiffness (28). Hence, the observed relationship between PWV and TSH could partially
be mediated by the underlying exposure to iodine deficiency causing reduced anti-oxidant

status (32) and the resultant increase in oxidized LDL.

Others have found elevated TSH to be associated with increased carotid media thickness, which

like PWV, is an early marker of atherosclerosis and future cardiovascular disease (33). This is
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mediated through stimulation of endothelial TSH receptors, inhibition of endothelial nitric
oxide synthase, NO depletion resulting in reduced flow mediated dilation and endothelial
activation (6-8, 33).

The increase in arterial stiffness among women with preeclampsia has been found to persist up
to ten years post-delivery and may in part be responsible for the increased risk of future
cardiovascular disease and end-stage renal failure (3, 34-36). If the observed relationship in the
current study between iodine deficiency and TSH that seems to increase the risk and severity
of endothelial dysfunction and preeclampsia is confirmed by future studies, it will be
worthwhile to screen and treat iodine deficiency among pregnant women who live in

geographical locations and populations at risk of insufficient iodine intake.

6.5 Strengths and limitations

This study has found a probable association between iodine deficiency-mediated TSH
elevation, endothelial dysfunction and preeclampsia which if confirmed by further research can
be prevented with iodine supplementation. However, this study limited by the indirect
measurement of endothelial dysfunction as well as non-measurement of potential confounders
of the association between preeclampsia and endothelial dysfunction such as endothelin.
Several women with preeclampsia had spent some days admitted in hospital where they were
exposed to meals prepared with adequately iodized salt that may have significantly affected
their urinary iodine concentration. Although median spot urinary iodine concentration is
recommended as a measure of iodine nutrition status at population level, it is not a robust

measure of the iodine nutritional status at individual level (21, 37).

6.6 Conclusion

Preeclampsia is characterized by increased PWYV, aortic augmentation index and aortic
augmentation pressure, which are markers of arterial stiffness and predictors of future
cardiovascular disease. Elevated TSH increases the risk of endothelial dysfunction in
pregnancy even when it is within levels suggestive of mild subclinical hypothyroidism as

observed in the current study.
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Part 3: Investigating possible mechanisms through which iodine deficiency
predisposes to various degrees of preeclampsia and eclampsia

This part comprises of the following two chapters:

Chapter 7: Exploration of the underlying nutritional, inflammatory and oxidative stress
pathological mechanisms in Preeclampsia using principal component analysis

Chapter 8: Low serum triiodothyronine and potassium levels are associated with increased risk
of Eclampsia among women in the Eastern Cape Province of South Africa
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CHAPTER 7

Exploration of the underlying nutritional, inflammatory and oxidative stress
pathological mechanisms in Preeclampsia using principal component
analysis

Charles Bitamazire Businge, Benjamin Longo-Mbenza, Andre Pascal Kengne
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Abstract

Background: Normal pregnancy is characterized by a mild systemic inflammatory response
and progressive increase in serum inflammatory cytokines that peak in the third trimester.
During pregnancy pre-existing inflammatory conditions, acquired oxidative stress arising from
the placenta malfunction and nutritional deficiencies can trigger intense systemic responses
that lead to endothelial activation, dysfunction and preeclampsia. We investigated the principal
nutritional, oxidative and inflammatory pathways that trigger the clinical manifestation of

preeclampsia.

Methods: This case-control study included 250 women with preeclampsia and 150
normotensive pregnant women. Urinary lodine concentration (IUC) and serum levels of
Ferritin, Thyroid-stimulating Hormone (TSH), selenium, Nitric Oxide (NO) gamma glutamyl
transferase (GGT), Rheumatoid factor, and high sense C-reactive protein (hs-CRP) of cases
and controls were compared using the student’s t and the Mann-Whitney U tests. Principal
component analysis was carried out to delineate the patterns of association between nutritional,

inflammatory and oxidative markers and preeclampsia.

Results: The main pathophysiological pathways identified were the interactions between
selenium/iodine deficiency, and elevated serum TSH (endothelial dysfunction); serum ferritin,
GGT, CRP and low urinary iodine excretion (inflammatory oxidative stress); elevated serum
hs-CRP and Rheumatoid factor subclinical inflammation and immune cell activation) and high

T3/T4 ratio (acute TSH stimulation of thyroid with low thyroid iodine stores)

Conclusion: Combined selenium and iodine deficiency resulting into elevated TSH, low NO
and preferential T3 secretion; acute inflammatory conditions associated with elevated serum
GGT, CRP, and Ferritin; and subclinical inflammatory conditions characterized by
autoimmunity are some of the major oxidant and inflammatory pathways associated with

increased risk of preeclampsia.

Keywords: preeclampsia, oxidative stress, inflammation, selenium, iodine, TSH, GGT, CRP
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7.1 Introduction

The normal physiological changes in pregnancy include mild systemic inflammatory response
(1). This is characterized by an elaboration of inflammatory leukocytes, endothelial activation,
the acute phase response, and metabolic features of systemic inflammation, a decrease in
plasma albumin levels and increased plasma fibrinogen levels. There is a progressive increase
in serum inflammatory cytokines which peak in the third trimester (2, 3). Redman et al.
hypothesized that systemic inflammatory response of preeclampsia is just a more extreme part
of the spectrum common to all pregnancies, with preeclampsia developing when the systemic
inflammatory process causes maternal systems to decompensate (3). It is hypothesized that an
oxidatively stressed placenta in a previously normal woman, or a normal systemic
inflammatory response in a woman with a chronic inflammatory response due to pre-existing
chronic infection such as Helicobacter pylori, obesity, essential hypertension, diabetes or other
stimulus, can trigger an intense systemic response that leads to endothelial activation,

dysfunction and preeclampsia (1).

The aim of the study was to investigate the principal oxidative and inflammatory pathways that
are associated with the clinical manifestation of preeclampsia in a peri-urban population of
Kinshasa Province, Democratic Republic of Congo.

7.2 Materials and Methods

Study design

This case-control study was carried out as a secondary analysis data of expectant mothers who
enrolled as participants of the Communicable Disease, Nutritional, Environmental
Epidemiology and Cardio-metabolic Risk Study (CDNECR). Cases were women with
preeclampsia, while controls were age-matched pregnant women without preeclampsia. All
cases were managed at Maternity Unit of Lomo Medical Centre, Kinshasa, DRC. The controls
were women with normal pregnancy that delivered at term at the maternity units of hospitals
that referred patients to LMC for the CDNECR study.

Ethical clearance

The primary study was approved by the Lomo Medical Centre Institutional Review Board
(Reference no. LMDEOQO31LMBO02). All participants gave informed consent and study
procedures complied with the Helsinki Declaration. Further clearance was obtained from the
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University of Cape Town Human Research Ethics Review Committee (reference number

135/2018) for secondary data analysis and inclusion of the findings in the current thesis.
Study setting

The CDNER study was carried out in Kinshasa Province, Democratic Republic of Congo
between 2007 and 2008 and coordinated at Lomo Medical Centre. Lomo Medical Centre
(LMC) is a tertiary private healthcare centre in the Kinshasa province of the Democratic
Republic of Congo (DRC). LMC has a High Dependency Unit with 12 beds that care for
patients most of whom are referred from Bondeko clinic, St Joseph Hospital and Ndjili Hospital
in Kinshasa Province. The catchment population is estimated to be about 3 million people. The
staff complement is composed of four cardiologists, two Obstetricians and Gynaecologists,
three surgeons, two anaesthesiologists, one ophthalmologist, two radiologists, two clinical
pathologists and one paediatrician. On average, LMC cares for about 400 complicated

maternity cases annually, 80% of whom are preeclamptic mothers referred for tertiary care.
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Figure 7. 1: Map showing the location and catchment area of LOMO Medical Centre and
referring Hospitals within Kinshasa Province, Democratic Republic of Congo.
110



Sample size and derivation of the analytic sample

During the study period, about 2100 antenatal women patients were monitored. One hundred
and fifty (150) who delivered at term without developing preeclampsia (normotensive controls)
were matched for age with three hundred of the women who developed preeclampsia (cases).
However, only 250 cases with complete data were included in the analysis.

Data collection

Preeclampsia was defined according the International Society for the Study of Hypertension in
Pregnancy (4). Participants were diagnosed with pre-eclampsia when they presented with new
onset of hypertension [systolic blood pressure (SBP) >140 mmHg and or diastolic (DBP) blood
pressure >90 mmHg] after 20 weeks gestation with proteinuria (spot urine protein/creatinine
>30 mg/ mmol, or >300 mg/day or 2 + on dipstick testing) or other maternal organ dysfunction:
renal insufficiency (creatinine >90 pmol/L; 1.02 mg/dL); liver involvement (elevated
transaminases at least twice upper limit of normal * right upper quadrant or epigastric
abdominal pain), neurological complications (altered mental status, blindness, stroke,
hyperreflexia, severe headaches, and persistent visual scotomata), haematological
complications  (thrombocytopenia—platelet count below 150,000/dL, disseminated
intravascular coagulation or haemolysis) and uteroplacental dysfunction (foetal growth
restriction, abruptio placentae or intrauterine foetal death). Participants were diagnosed with
severe pre-eclampsia when they presented with SBP >160 mmHg or DBP >110 mmHg with
or without systemic organ involvement. Participants were diagnosed with eclampsia when they
presented with SBP >140 mmHg or DBP >90 mmHg and convulsions after 20 weeks’

gestation.

The height and weight were measured according to standardized procedures. Blood pressure
was measured according to the American Heart Association guidelines, with the patient’s
elbow flexed at the heart level. An average of the two measurements with a standard
sphygmomanometer taken at intervals of 2 minutes after the participants had been sitting for at

least 30 minutes was used (5).
Blood sample collection and analysis

Overnight fasting venous blood was drawn between 7:00 and 9:00 a.m. Fasting serum and
plasma samples preserved with ethylenediaminetetraacetic acid (EDTA) and sodium fluoride
(NaF) were collected from the cubital fossa. Blood samples were assayed immediately to
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measure the concentrations serum levels of highly sensitive C-reactive protein (hs-CRP),
Ferritin, gamma glutamyl transferase (GGT), Rheumatoid factor (RF), C-reactive protein
(CRP), thyroid-stimulating hormone (TSH), selenium and nitric oxide (NO). At the same
sitting, a mid-stream urine sample was collected to determine urinary lodine excretion. Serum
levels were obtained using calibrated spectrometers and standard routine procedures and
specific protocols of manufacturers. TSH were measured by enzyme-linked immunosorbent
assay. NO was measured using Cayman kits (Cayman Chemical company Ann Arbot, MI).
Urinary iodine concentration was measured using the Sandell-Kolthof method.

Statistical analysis

Categorical variables were compared using chi-square test, while continuous variables were
compared using Student’s t-test for normally distributed data and the Mann-Whitney U test for
skewed data. A p-value < 0.05 was considered as statistically significant. All analyses were
performed using the Statistical Package for Social Sciences (SPSS) for windows version 23.0
(SPSS Inc) Chicago, II, USA. Principal component analysis was carried out to delineate the
patterns of association between selected inflammatory and oxidative markers which had
significant association with preeclampsia. This statistical tool groups together variables that
are strongly correlated with one another and weakly with all the variables in other
groups/components. Eigen-values = 1 were used to identify the key components accounting for
the bulk of the observed variance in the manifestation of preeclampsia in the study population.
This was to help disaggregate different pathological pathways that may trigger the intense
systemic response that leads to endothelial activation, dysfunction and clinical manifestation

of preeclampsia.

7.3 Results
General characteristics of the study population

There were 250 cases of preeclampsia with a mean age 32.4 + 6 years and 150 controls cases
with a mean age of 33.5 + 5.2, p = 0.072. The mean gestational age at recruitment and sample
collection was 37.7 + 4.0 weeks of amenorrhoea (WOA) for controls and 31.0 + 7.9 WOA for
cases p <0.0001. The mean BMI and 1gG anti H pylori for cases and controls respectively were:
25.2 £6.0and 22.2 £ 5.5 Kg/m2; 98.6 + 68.0 and 73.6 + 68.1, p <0.0001.

Median values and main biomarker components

112



Participants with preeclampsia had significantly higher median serum levels of hs-CRP, GGT,
Rheumatoid factor, TSH and a significantly higher mean T3/T4 but significantly lower
Selenium, NO and urinary lodine excretion than controls (Table 5.1). Serum Ferritin and CRP
were elevated in the lower half of the cases with no significant difference when compared

among all cases and controls.

Table 7. 1: Median/mean values of select oxidative stress and inflammatory Biomarkers
measured in participants with and without preeclampsia

Variable Cases (n=250)

Median (p25, p75)  Median (p25, p75) or

Controls (n=150) P value

or Mean £ SD Mean £ SD

Selenium pg/L 9.0 (9.0, 17.3) 44.0 (21.0, 102.8) <0.0001
hs - CRP mg/L 8.0 (3.3,9.0) 3.1(2.9,5.0) <0.0001
NO pmol/L 2.0 (1.0, 6.0) 20.8 (4.0, 43.3) <0.0001
Serum Ferritin pg/L 213.0 (180.0, 345.0)  199.0 (167.0, 344.0) 0.114

GGT 99.0 (88.0, 113.0) 33.0 (11.0, 99.0) <0.0001
Rheumatoid Factor 56.0 (9.0, 88.0) 8.5 (7.0, 21.5) <0.0001
CRP mg/dL 58.5 (39.0, 66.0) 57.0 (13.0, 88.0) 0.437

TSH mIU/L 6.3 (4.1, 8.0) 2.5 (0.13, 4.4) <0.0001
Urinary lodine excretion pg/L 90.0 (78.0, 157.2) 351.0 (299.0, 555.0)  <0.0001
T3/T4 ratio 0.14 +0.05 0.12 +0.00 <0.0001

(p25, p75) = 25™ and 75" percentiles; SD = Standard deviation

Among the cases, the principal components (suggestive of pathological pathways) (Table 7.2

and

Figure 7.2), with Eigen-values above 1, accountings for over 70 percent of the manifestation

of preeclampsia were:

Component 1: Low serum Selenium, low NO, low urinary iodine excretion and elevated serum
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TSH which are features of iodine deficiency, sub-clinical hypothyroidism and selenium-

mediated endothelial dysfunction

Component 2: Elevated serum Ferritin, GGT, CRP and low urinary iodine excretion which

are features of inflammation and oxidative stress

Component 3: Elevated serum hs-CRP and Rheumatoid factor which are features of

inflammation and immune cell activation

Component 4: high T3/T4 ratio reflecting the increased TSH stimulation of the thyroid in

states of chronic iodine insufficiency and low thyroid iodine stores

Table 7. 2: Rotated component matrix for cases

Biomarker Component
1 2 3 4

Selenium pg/L 0.834 -0.184 -.197 -.077
NO pmol/L 0.870 -0.081 -.077 -.055
TSH mlIU/L -0.789 0.097 -.128 -.077
Urinary lodine excretion pg/L 0.541 -0.454 -.157 .061
Serum Ferritin pg/L -0.050 0.777 -.247 -.054
GGT -.239 0.703 336 .040
CRP mg/dL -.188 0.696 359 119
hs - CRP mg/L -0.056 0.017 0.861 -.003
Rheumatoid Factor -.047 0.159 0.812 -.032
T3/T4 ratio -.005 0.028 -.031 0.988

The main variables in each component are highlighted
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Components, Eigen-values and variances of cases

Scree Plot

All Eclampsia status: Yes

4 Component Eigen % of Cumulative
Values variance %
1 3.395 33.950 33.950
4 2 1.589 15.894 49.844
0 3 1.150 11.499 61.342
g - 4 1.006 10.058 71.401
.l% 5 .686 6.856 78.257
6 .621 6.211 84.467
Ly 7 501 5.009 89.476
8 454 4.538 94.015
9 370 3.695 97.710
" - 10 229 2.290 100.000
11 3 4 5 8 T 8 9 M0
Component Number

Figure 7. 2: Scree plot showing Eigenvalues for various components of oxidative and
inflammatory biomarkers for cases. The Eigenvalues for the 4 major components are shown in
bold on the adjacent table.

There were 3 major components (Table 7.3 and Figure 7.3), with Eigen-values above 1,
accounting for over 58 percent variance for a normal pregnancy without manifestation of
preeclampsia (the control group) were:

Component 1: high serum Selenium, NO and low TSH which are features of normal thyroid
function without thyroid risk of increased thyroid derived superoxide and hydrogen peroxide
Component 2: normal serum GGT, hs-CRP, CRP and Ferritin depicting absence of systemic
inflammation

Component 3: Normal T3/T4 ratio and normal urinary iodine excretion depicting adequate

iodine reserves for normal thyroid function
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Table 7. 3: Rotated component matrix for controls

Biomarker Component
1 2 3

Selenium pg/L -0.834 -0.116 0.062
NO pmol/L -0.824 -0.249 0.038
Baseline TSH mIU/L 0.883 0.096 0.048
hs - CRP mg/L 0.128 0.631 0.074
GGT 0.148 0.802 -0.147
CRP mg/dL 0.379 0.711 -0.207
Serum Ferritin pg/L 0.087 0.589 0.151
Urinary lodine excretion pg/L -0.040 0.229 0.757
T3/T4 ratio 0.000 0.181 -0.672
Rheumatoid Factor 0.411 0.318 -0.006
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The main variables in each component are highlighted

Eigen-values and variance of various components for controls

Scree Plot
All Eclampsia status: No Component Eigen % of Cumulative
H values variance %
1 3.396 33.962 33.962
2 1.299 12.993 46.955
3_
3 1.107 11.073 58.029
g 4 918 9.184 67.213
I
£ 5 893 8.928 76.141
o
w 6 793 7.926 84.068
A 7 .665 6.650 90.717
8 .384 3.842 94.560
9 .296 2.956 97.515
d 10 248 2.485 100.000
T T T T
R T L
Component Number

Figure 7. 3: Scree plot showing Eigenvalues of various components of oxidative and
inflammatory biomarkers for controls. Eigenvalues for the three major components are shown
in bold

7.4 Discussion

Using the principal component analysis in the current study ten possible mechanisms through
which maternal micronutrient, oxidant and inflammatory state increases the risk of
preeclampsia were identified. Out of the ten, there were four major contributory pathways in
the study population associated with more than 70% of the cases of preeclampsia. The four

were:

lodine and selenium deficiency acting together with elevated TSH and low serum NO,
accounting for almost 34% of the observed variance among participants with preeclampsia.
This matches perfectly with the pathophysiology of thyroid gland in states of combined iodine
and selenium deficiency, which is endemic in DRC: iodine deficiency exacerbated by the
physiological changes of pregnancy predisposing to low production of thyroxine (T4) and tri-
iodothyronine (T3), diminished negative feedback on the pituitary and elevated TSH (6-8). In
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the thyroid gland, TSH induces Nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase, which oxidizes NADPH to NADP+, liberating superoxide radicals which are then
converted to the less potent hydrogen peroxide by Superoxide dismutase, a selenium-dependent
enzyme. The hydrogen peroxide not used up in this process, is neutralized by selenium-
dependent glutathione peroxidase (9). Therefore, elevated TSH with simultaneous selenium
deficiency will result in excessive production of serum superoxide and hydrogen peroxide by
the thyroid gland (9). The increased circulation of superoxide and hydrogen peroxide radicals
which react with Nitric Oxide (NO) forming peroxynitrite which is a more potent oxidant and
inducer of inflammation and endothelial dysfunction (9). This will further diminish NO,
accentuating oxidative stress, endothelial dysfunction (9, 10) (hence increasing the risk of
preeclampsia. Elevated TSH is also a known stimulant of endothelial dysfunction by inhibition
of endothelial NO synthase(11). This is associated with reduced serum NO and reduction in
flow mediated dilatation and endothelial activation, which are well-known features of
preeclampsia (12). TSH by acting on its extra-thyroidal receptors (TSHr) predisposes to
endothelial dysfunction and increased carotid media-intima thickness (cIMT) (13, 14). The
increased cIMT is an early marker of atherosclerosis and future cardiovascular disease (14).

The second component was made of elevated serum Ferritin, GGT, CRP and low urinary iodine
excretion which are features of inflammation and oxidative stress. Pre-pregnancy states such
as chronic infections and obesity are associated with elevated serum CRP (15-17). CRP is
associated with increased hepcidin production from the liver. Hepcidin is a negative regulator
of intracellular iron storage: it leads to reduced iron cellular uptake and increased cellular
ferritin secretion by ferroportin, the net effect being an increased serum iron concentration (18-
20). GGT is a cell membrane bound enzyme with its active site in the plasma, whose main role
is to metabolize reduced extracellular glutathione (GSH) into its precursor amino acids
glutamate and cysteine facilitating their re-absorption and intracellular synthesis of GSH (21)
GGT by hydrolysing the glutamyl bond between glutamate and cysteine, produces cysteinyl-
glycine which is subsequently cleaved by dipeptidase into cysteine and glycine. Cysteinyl-
glycine and cysteine have been shown to initiate reductive release of iron from its carrier
proteins transferrin and ferritin (iron which is physiologically transported in the bound state as
Fe3+ is instead released in its bioactive form of Fe2+) leading to the Fenton and Harber—Weiss
reactions with the release of potent hydroxyl (OH) oxidant radicals (21, 22). This pathway is
further enhanced by low dietary and serum iodine which is exacerbated due physiological

changes of pregnancy. lodine is a potent exogenous scavenger of oxidant radicals, with up to
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three times the activity of Vitamin C, whose deficiency is likely to significantly alter the
oxidation-redox balance, cause endothelial activation and has been found to be associated with
increased risk of preeclampsia (23, 24). Indeed, the placenta is not only a highly metabolic
organ with potential for production of oxidant radicals, lipid peroxidation in addition to release
of soluble endoglin and soluble fms-like tyrosine kinase 1 in hypoxic states (25-28). It is also
one of the organs in the body that concentrates iodine, whose function has hitherto not yet been
fully established but could be among others used for scavenging the reactive oxidant radicals
(23, 29).

The third principal component encompassed elevated serum hs-CRP and Rheumatoid factor
which are features of inflammation and immune cell activation. While CRP is an acute phase
protein produced by the liver secondary to any cause of inflammation and has low sensitivity
when levels are within normal ranges, hs-CRP has been found to be a sensitive marker of early
atherosclerosis and coronary heart disease even when CRP levels are within normal ranges
(30). Thus, the association of hs-CRP and Rheumatoid factor suggests low level chronic
inflammation secondary to immune activation. Rheumatoid factors (RF) are a group of
antibodies (IgM, IgG or IgA) against the Fc portion of IgG (31). Although present in 70% of
patients with rheumatoid arthritis, they are not diagnostic for they are also found patients with
chronic infections, older people and many auto-immune disorders like systemic lupus
erythematosus (SLE) (31). In the current study, low grade inflammation depicted by elevated
hs-CRP and chronic infections depicted by elevated serum Rheumatoid factor may be a result
of concurrent central obesity and Helicobacter pylori infection. This may explain the increased
risk of preeclampsia among women in the upper normal range of BMI observed in the current

study.

The last significant component was characterised by higher T3/T4 ratio among the cases but a
lower T3/T4 among controls coupled with normal high urinary iodine excretion reflecting the
increased TSH stimulation of the thyroid in states of chronic iodine insufficiency and low
thyroid iodine stores among the cases. Among women with insufficient iodine intake during
pregnancy, the transient rise in total T4 secondary to increased thyroid binding globulin (TBG)
is relatively low, and this is accompanied by relative reduction in free T4 and T3 of about 30%
after 20 weeks of gestation (32). If iodine deficiency persists, there is preferential secretion of
T3 instead of T4 from the thyroid, resulting in a rise in T3/T4 molar ratio above normal range

of 10-22 x 10°3. This has been observed in states of persistent thyroid stimulation such as
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pregnancy and Graves’ disease in the presence of depleted intra-thyroidal iodine stores
depicting chronic iodine insufficiency (31). In the current study, this pathway may represent
women in the study population with suboptimal iodine intake but adequate selenium intake
when compared to those in component one. In these women, the extra-thyroidal stimulation of
TSH on TSHr receptors on the endothelium that inhibit NO synthesis and the reduced
exogenous anti-oxidant capacity due to iodine deficiency may account for the increased risk of
preeclampsia (12, 13). Our hypothesis is reinforced by the observation in the current study of
normal urinary iodine and T3/T4 among controls, which also were grouped together in the

resultant principal component analysis.

Although the trigger for clinical manifestation of preeclampsia are placenta derived factors
such as soluble Fms-like tyrosine kinase 1 and endoglin which are produced by ischaemic
placentae following failure of secondary trophoblastic invasion of myometrial spiral arteries,
the severity of preeclampsia seems to depend to some extent on pre-pregnancy maternal
oxidative stress and systemic inflammatory state (26, 27). This inflammatory and oxidative
state is upregulated as part of normal physiology of pregnancy which results into early onset
preeclampsia in women with high placenta derived factors or late onset preeclampsia, when
the normal physiological changes of pregnancy in the third trimester greatly exacerbate the pre-
existing oxidant and inflammatory state leading to endothelial activation and dysfunction (1-
3). The current study used principal component analysis to investigate how different
inflammatory and oxidant pathways interact to increase the risk of preeclampsia. The identified
prominent role of selenium and iodine deficiency in the process, suggests an opportunity for
screening and nutritional intervention in populations with high incidence of preeclampsia.
Similarly, our findings of differential role of elevated CRP and hs-CRP, suggest the need to
control conditions such as obesity and chronic infections, which are associated with acute and

chronic inflammation in women of reproductive age.

7.5 Strength and limitations

This study shows how some micronutrient deficiencies, oxidative stress, acute and chronic
inflammatory conditions interact to increase the risk of preeclampsia providing an opportunity

for designing prevention measures that are targeted at the identified pathological pathways.

Although the principal component analysis can be used for delineating how various factors
relate to each other during a pathological process, it is not the most appropriate for studying

causation. Therefore, some of the observed associations may accrue from preeclampsia other
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than being factors on the causal pathway to the development of preeclampsia (i.e., reverse
causality). Hence, a cohort study, or a cluster randomised trial where ethically feasible, would
have been a better design to help establish the temporal relationships between various
exposures and the eventual clinical manifestation of preeclampsia. This was not feasible in

terms of time and resources available for my research project.

7.6 Conclusion

Low dietary intake of iodine and selenium that diminish NO and lead to increased TSH and
preferential T3 secretion, acute inflammatory conditions associated with elevated CRP, serum
Ferritin and GGT, and subclinical inflammatory conditions characterised by autoimmunity are

some of the major oxidant and inflammatory pathways associated with preeclampsia.
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Chapter 8

Low serum triiodothyronine and potassium levels are associated with
increased risk of Eclampsia among women in the Eastern Cape Province of
South Africa.

Businge CB, Longo-Mbenza B, Kengne AP. Low serum triiodothyronine and potassium levels
are associated with increased risk of eclampsia among women in the Eastern Cape Province
of South Africa. Clin Exp Obstet Gynecol. 2022; 49(2): 032
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Abstract

Background: There is paucity of data on the relationship between thyroid hormones,
potassium and eclampsia. Moderate-to-severe iodine deficiency that worsens during pregnancy
leads to decreased thyroid hormone output and bioavailability to the brain. Apart from
metabolic functions, T3 and T4 are essential as fast acting cytosolic and synaptosomal neural
transmitters that also regulate neuronal excitatory-inhibitory mechanisms. T3 also regulates the
Na+-K+-ATPase pump that maintains the membrane ionic gradient. Hence altered serum

potassium, thyroxine and triiodothyronine levels could increase the risk of eclamptic seizures.

Methods: Forty-five women with eclampsia, 45 severe preeclampsia and 90 normotensive
pregnant controls were enrolled into this study. Levels of thyroid hormones, thyroglobulin and

urine iodine concentration (UIC) were measured and compared between the three groups.

Results: Eclamptic participants had significantly lower median serum potassium (K),
triiodothyronine (T3), urinary iodine concentration (UIC) but higher serum thyroglobulin (Tg)
(K= 3.7 mmol/L; T3 = 3.8 pmol/L; UIC = 69.5 pg/L; Tg = 39.0 pg/L) than normotensive
pregnant controls (K = 4.3 mmol/L; T3 = 4.7 pmol/L; UIC = 169.5 pg/L; Tg = 19.5 pg/L) and
participants with severe preeclampsia (K = 4.2 mmol/L; T3 = 4.4 pmol/L; UIC = 95.7 pg/L;
Tg = 22.4 pg/L), p < 0.05. Low UIC, low serum T3 and potassium and elevated Tg were

independent predictors of eclampsia.

Conclusion: Women with iodine deficiency in pregnancy may be at increased risk of eclampsia
secondary to the ensuing rapid peripheral turnover of thyroid hormones leading to

hypothyroxinaemia and reduced triiodothyronine bioavailability to the central nervous system.

Keywords

Low serum triiodothyronine, low serum potassium, pregnancy, eclampsia
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8.1 Background

Although preeclampsia complicates 5-10% of all pregnancies worldwide, eclampsia, one of
the most severe complications of preeclampsia, is associated with 8-fold maternal mortality
compared to preeclampsia (1, 2). Thyroid dysfunction, iodine and potassium deficiency in
pregnancy have all been associated with preeclampsia (3-6). However, there is a paucity of
data on the thyroid function status, iodine nutrition status, as well as the serum potassium levels
of women with eclampsia. The pathways through which iodine and potassium deficiency and
thyroid dysfunction may interact to increase the risk of eclampsia have not yet been described.

The thyroid gland responds to iodine deficiency by preferential secretion of trilodothyronine
(T3) instead of T4 leading to low serum thyroxine (T4) (7). However, only a minute amount
of T3 is directly transported from the blood stream to the central nervous system (CNS). The
brain derives most of its T3 by deiodination of T4 by type 2 deiodinase (D2) (8, 9). Apart from
regulation of metabolism, T3 and T4 are essential in the central nervous system for modulation
of fast acting cytosolic physiological action and neurotransmitter activity at synaptic junctions
(8,9). T3 also regulates the Na+-K+-ATPase pump that maintains the membrane ionic gradient
of the neurones by pumping sodium out and potassium into the cells (8). Hence among pregnant
women with iodine deficiency, the preferential production of T3 could result into low serum
T4 leading to T3 deficiency in the central nervous system (CNS). This could adversely affect
the synaptosomal neurotransmitter function of T3 and the stability of the cell membrane ionic
gradients potentially increasing the risk of eclampsia.

The pathophysiology of eclampsia is yet to be fully understood. It is still not yet certain why
eclampsia complicates both women with mild and severe hypertension in pregnancy. We
carried out this case-control study to compare the serum levels of thyroid-stimulating hormone
(TSH), free triiodothyronine (FT3), free thyroxine (FT4) and potassium of women with
eclampsia, preeclampsia with severe features (from now on wards termed as ‘severe
preeclampsia’) and normotensive pregnant controls; and to find out if serum T3, T4 and

potassium levels were associated with the risk of eclampsia.
8.2 Materials and methods

This prospective case control study enrolled eligible participants who received maternity care
from Nelson Mandela Academic Hospital, Mthatha and Mthatha Regional Hospital between
August 2018 and March 2020. Forty-five women with eclampsia referred to Nelson Mandela

Academic Hospital were consecutively recruited into the study as cases. Forty-five women
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with severe preeclampsia and ninety counterparts who remained normotensive until delivery
were randomly selected as controls. Participants with eclampsia and severe preeclampsia were
diagnosed and managed according to International Society for the Study of Hypertension in
Pregnancy (ISSHP) guidelines (10). The patients with hypertensive disease in pregnancy
receive aldomet as the first-line drug for the control of hypertension if they have mild
hypertension, and nifedipine, hydralazine and labetalol as recommended by the ISSHP for
those with severe hypertension. Once the blood pressure is within the range of 110-140/ 85
mmHg they are we maintained on aldomet alone or in combination with oral hydralazine and
or amlodipine when necessary. Magnesium sulphate is administered according to the

guidelines ISSHP for the prevention and attenuation of eclamptic seizures.

The levels of TSH, FT4 and FT3 were determined using electrochemiluminescence
immunoassay (Roche/Hitachi cobas c systems). Serum obtained by centrifuging venous blood
samples was aliquoted and stored at -20 °C until analysis for thyroid function tests (TSH, T4,
T3, and thyroglobulin) at the Mthatha National Laboratories Services (NHLS) Chemical
Pathology Laboratory. Urinary lodine concentrations was determined from urine samples
stored at -20 °C using the inductively coupled plasma (ICP) Mass Spectrometry method
according to the manufacturer’s instructions (Quadrupole Inductively Coupled Plasma Mass

Spectrometry) (X-Series 2 ICP-MS—Thermo- Fisher Scientific, Bremen, Germany).
Statistical analysis

Data analysis was performed using IBM SPSS STATISTICS version 22 for Windows (IBM
Inc., Chicago IL, USA). We used the Shapiro—Wilk’s test to check if the data followed the
normal distribution. | summarize the data as proportions (%) for categorical variables, means
+ standard deviation (SD) for normally distributed, and as median (p25, p75) for non-normally
distributed continuous variables, respectively. The Chi-square test was used to compare the
distribution of categorical variables by status for hypertensive disease in pregnancy. The
Kruskal-Wallis test, ANOVA and equivalents were used as appropriate for continuous variable
comparisons across groups. Univariable and multivariable logistic regressions were used to

investigate the correlates of eclampsia. A p-value <0.05 was considered significant.
Ethical considerations

Ethical clearance was obtained from Walter Sisulu University and the University of Cape Town
Human Research Ethics Review Committee (reference number 066/2017 and 135/2018

respectively). The study conducted according to the Helsinki declaration.

127



8.3 Results

The median chronological age was 23 years for normotensive pregnant women, 23 years for
women with severe preeclampsia and 18 years for eclamptic women. Eclamptic participants
had lower median BMI (25.6 Kg/m?) compared to women with severe preeclampsia (27.2
Kg/m?) and normotensive pregnant women (28.1 Kg/m?) p < 0.05 (Table 8.1). The median
gestational age at delivery was lower for women with eclampsia (34 WOA) and severe

preeclampsia (33 WOA) than normotensive pregnant counterparts (38 WOA) p < 0.001.

As expected, the median systolic BP (137.0 and 143.0 mmHg) and diastolic BP (88.0 and 95.0,
mmHg respectively) of eclamptic and severe preeclampsia participants were higher than that
of normotensive counterparts (systolic BP 123.0 and diastolic BP 76 mmHg, both p < 0.001).
Eclamptic participants had significantly lower median UIC, FT3 and serum potassium but
higher median thyroglobulin (p < 0.05) than normotensive and severe preeclamptic controls.
Eclamptic participants had a lower median TSH than severe preeclampsia controls (1.9 vs 3.0
IU/L, p > 0.05, Table 8.1).
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Table 8. 1: Comparative profile of women by status of hypertension in pregnancy

Variable Normotensive Severe preeclampsia Eclampsia P value
(n=90) (n=45) (n=45)
Median (p25, p75) Median (p25, p75) Median (p25, p75)
Age (yrs) 23.0(20.0, 29.0) 23.0(18.0, 29.0) 18.0 (17.0, 21.0) <0.001
Gravidity 2.0(1.0,2.0) 1.0 (1.0, 3.0) 1.0 (1.0,1.0) 0.001
GA at booking 21.5(18.0, 24.0) 20.0(18.0, 23.0) 22.0(17.5, 26.0) 0.601
(WOA)
GA at delivery 39.0 (37, 40) 33.5(30.0, 37.0) 34.0 (32.0, 38.0) <0.001
(WOA)
BMI (Kg/m?) 27.9 (25.9, 31.6) 28.1(24.9, 34.5) 25.6 (22.5, 28.7) 0.002
SBP (mm Hg) 121.5 (114.0, 127.3) 143.0 (131.0, 151.0) 137.0 (125.5, <0.001
150.0)
DBP (mm Hg) 77.0(70.0, 82.0) 95.0 (85.3, 99.8) 88.0(73.0, 96.5) <0.001
K* (mmol/L) 4.3(3.9,4.7) 4.2 (3.8,4.7) 3.7(3.2,4.1) <0.001
Creatinine 55.5 (44.0, 62.0) 60.0 (48.5, 78.5) 72.5(58.0, 85.5) <0.001
(mmol/L)
HDL (mmol/L) 1.7 (1.3, 2.0) 1.9 (1.7,2.7) 2.1(15,25) 0.002
LDL (mmol/L) 1.2 (0.82,2.1) 1.4 (1.1,1.6) 1.4 (1.1,1.7) 0.349
TSH (IU/L) 2.3(1.8,3.0) 3.0(2.1,3.1) 1.9(1.3,3.4) 0.001
FT4 (pmol//L) 14.0 (12.4, 16.0) 12.9 (11.2, 14.6) 13.2 (11.5, 14.9) 0.010
FT3 (pmol//L) 4.7 (4.2,5.1) 4.4 (3.7,4.8) 3.8(3.1,4.2) <0.001
Tg (ug/L) 19.5(13.0, 33.9) 22.4(14.9, 38.5) 39.0 (27.1,54.2) <0.001
UIC (ug/L) 169.5 (89.1, 288.9) 95.7 (53.2,579.8) 69.5 (14.2,238.1) <0.001

Values, medians and 25™-75™ percentiles.

BMI: Body mass index; DBP: diastolic blood pressure; GA: gestational age; HDL: high density lipoprotein; K*: Serum
Potassium; LDL: low density lipoprotein; TSH: Thyroid-stimulating hormone; FT4: Thyroxine; FT3: Triiodothyronine; Tg:
Thyroglobulin, UIC: urine iodine concentration; SBP: systolic blood pressure

Correlates of eclampsia

Using normotensive pregnant women as the reference group, age below 20 years,
primigravida status, BMI > 30 Kg/m?, UIC < 100 pg/L, FT3 < 4.3 pmol//L, thyroglobulin >

20 pg/L and K* < 3.3 mmol/L were significantly associated with eclampsia in univariable

analyses. However, only primigravida status, UIC < 100 ug/L, FT3 < 4.3 pmol//L,

thyroglobulin > 20 pg/L and K* < 3.3 mmol/L remained significantly associated with

eclampsia in a multivariable logistic regression model that included all the 9 variables (Table

8.2).
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Table 8. 2: Univariable and multivariable odds ratios of the factors associated with eclampsia

Variable Univariable Multivariable
OR (95% CI) P value OR (95% CI) P value
Age < 20 (yrs) 4.90 (2.11-12.05) <0.001 2.02 (0.45-9.17) 0.362
*Primigravida 5.05 (2.11-12.05) <0.001 8.33 (1.34-52.63) 0.023
BMI > 30 (Kg/m?) 3.58 (1.37-9.35) 0.009 2.39 (0.53-10.64) 0.254
TSH > 3.0 (IU/L) 1.0 (0.46-2.16) 1.000 1.02 (0.29-3.66) 0.970
FT4 < 12 (pmol//L) 2.36 (0.96-5.8) 0.060 2.34 (0.52-10.62) 0.269
*FT3 < 4.3 (pmol/L) 6.67 (2.92-15.15) <0.001 6.41 (1.80-22.73) 0.004
*Tg > 20 (ng/L) 454 (1.74-11.81) 0.002 6.42 (1.23-32.80) 0.025
*UIC <100 (pg/L) 3.62 (1.61-8.13) 0.002 3.36 (1.02-11.0) 0.045
*K* < 3.3 (mmol/L) 20 (4.27-90.91) <0.001 32.25 (3.86—250.00) 0.001

BMI: Body mass index; K*: Serum Potassium; TSH: Thyroid-stimulating hormone; FT3: Triiodothyronine; FT4: Thyroxine;
Tg: Thyroglobulin; UIC: urine iodine concentration; *: p <0.05

8.4 Discussion

The current study found that participants with eclampsia had significantly lower median UIC,
FT3, serum potassium but higher median thyroglobulin than both normotensive and severe
preeclampsia participants. This suggests iodine deficiency as the possible underlying cause of
the low thyroid hormone output among eclamptic women. Secondly, primigravida status, low
urinary iodine concentration, low serum FT3, low serum potassium and high serum
thyroglobulin were independently associated with eclampsia. Women with eclampsia and
severe preeclampsia had lower FT4 than normotensive counterparts. The major difference
between women with eclampsia and severe preeclampsia was that participants with severe
preeclampsia had mild iodine deficiency, relative hypothyroxinaemia, and raised TSH but no
significant reduction in T3 and serum potassium. Chasalow et al. (11) reported that some
preeclamptic patients have low spiral steroids, a type of potassium sparing endogenous steroid.

This observation deserves further investigation in our study population.

Previous studies have shown that persistent mild-to-moderate iodine deficiency with intact
thyroid parenchyma is associated with preferential T3 secretion from the thyroid, lower serum
T4 and raised serum thyroglobulin as observed in the current study among eclamptic
respondents (12, 13). Low serum T4 is associated with reduced bioavailability of T3 to brain
tissue (12). In adults, the CNS contains a high concentration of thyroid hormones with the
T3/T4 ratio higher than that in the serum (14). The brain derives about 75% of T3 by

130



deiodination of T4 (15, 16). The thyroid hormones (T3 and T4) not only stimulate metabolic
functions through nuclear receptors with subsequent transcription and production of effector
proteins (17), but also have been found to be cytosolic and synaptic neurotransmitters with the
latter non-genomic action being relatively rapid compared to the genomically mediated

metabolic function (18).

Hence, the current study seems to suggest that women at risk of eclampsia may not only present
with moderate iodine deficiency and lower serum FT4 than normotensive counterparts but
could also be prone to rapid peripheral turnover of T3 that is not matched by adequate
replacement from the thyroid gland (7). Alternatively, there may be defective peripheral
deiodination of FT4 with resultant generalised FT3 deficiency in serum, as well as in the central
nervous system and other organs. This can occur because of selenium deficiency and other
circumstances associated with inadequate function of the enzyme deiodinase 2 that is involved
in peripheral conversion of FT4 to FT3 (19, 20). On the other hand, the pattern of thyroid
function observed in the current study among women with severe preeclampsia is due to
prolonged exposure to mild iodine deficiency in pregnancy, resultant thyroid adaptation with
preferential T3 production and attenuated T4 negative feedback on the pituitary gland and

resultant increase in TSH (7).

Early in the 20" century, use of large doses of thyroid extract was one of the interventions for
the management and prevention of eclampsia (21). However, the probable mode of action and
the pathophysiology of preeclampsia and eclampsia was still elusive (21). Given that the
thyroid gland has iodine stores as well as T3 and T4 hormones, it was not stated which one or
a combination of these compounds was of therapeutic value. It is now known that T4 and T3
stimulate fast and non-genomic effects in the central nervous system that are mediated through
modulatory effect on Glutamate and GABA that respectively are the main excitatory and
inhibitory neurotransmitters in the nervous system (22). Glutamate binds to its ionotropic and
metabotropic receptors eliciting excitatory postsynaptic potential and a cascade of intracellular

reactions that are crucial for normal and balanced cognitive and motor function (22).

Both T3 and T4 potentiate glutamate excitatory post-synaptic responses mediated mainly
through the ionotropic alphaamino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)
and Kainate receptors (23). However, it is only T3 that negatively modulates the glutamate
post-synaptic response on the N-methyl-D-aspartate (NMDA) receptors, decreasing the
excitability of post-synaptic neurone (24). Therefore, low T3 may cause net motor neurone
excitability resulting in the tonic-clonic seizures characteristic of eclampsia. The alteration in
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the physiological brain T3/T4 ratio has potential to alter normal neuronal function (25) and
may partially explain the findings in the current study where women with eclampsia had lower

FT3 and FT4 than women that remained normotensive until term.

The NMDA glutamate receptors, whose inhibitory effect is accentuated by T3, have high
permeability for sodium and calcium ions that at resting membrane potential are blocked by
magnesium ions (26). Previous studies have found that magnesium sulphate attenuates
eclamptic convulsions through blockage of these glutamate NMDA receptors (27). Several
authors have reported that women with eclampsia and preeclampsia had low serum magnesium
(28-30). These observations together with the finding of low FT3 as independent predictor of
eclampsia in the current study seems to imply that low T3 increases the risk of eclamptic
seizures among women with hypomagnesaemia through decreased inhibition of post-synaptic
glutamate NMDA receptors.

GABA inhibitory responses are mediated via ionotropic GABA-A and metabotropic GABA-B
receptors (31). Stimulation of post-synaptic GABAA receptors elicits transient large amplitude
phasic inhibitory currents whose frequency and amplitude can be attenuated by both T3 and
T4 (23). Stimulation of extra-synaptic GABAA receptors stimulates lower amplitude but longer
lasting tonic inhibitory currents that cause hyperpolarisation of the post-synaptic neurones (31-
33) GABARg receptors on presynaptic membranes are sensitive to high concentration of GABA
within the synaptic cleft hence inhibit further/excessive release of GABA from the synaptic
vesicles (34). Therefore, derangement in the physiological brain T3/T4 ratio may alter the
GABA inhibitory responses with resultant clinical manifestations, one of which could be

eclamptic seizures.

The stimulation of post-synaptic GABAg receptors results in activation of inward potassium
channels and inhibition voltage gated sodium channels leading to hyperpolarization and
increased action potential threshold (35). In the current study, the observed association between
low serum potassium and the increased risk of eclampsia may be secondary to the diminished
effectiveness of this GABAg receptor mediated inhibition further predisposing pregnant

women with low FT3 to the tonic-clonic convulsions that are characteristic of eclamptic fits.

The lower age and Body Mass Index for eclamptic participants compared to normotensive and
women with severe preeclampsia in the current study may be accounted for by teenage
pregnancy a known risk factor for eclampsia, which may predispose them to diet low on
vegetables and fruits that are sources of potassium (36-38). The lower serum potassium levels
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observed among participants with eclampsia in the current study may be partially attributed to
increased risk of hypokalaemia among young mothers in the study area that tend to depend on
diet deficient in fresh vegetables and meat (39). Yang et al. (40) attributed the higher prevalence
of hypokalaemia among women with eclampsia and preeclampsia in their study population to
possible higher potassium excretion secondary to over expression of the angiotensin genes
among women at risk of hypertensive disease in pregnancy. These two possible causes of

hypokalaemia in pregnancy require further investigation.
8.5 Strength and limitations

To our knowledge, this study is the first to report the potential role of combined
triiodothyronine and potassium deficiency in the aetiology of eclampsia. Although median UIC
at population level is good predictor of iodine intake, considerable diurnal variation affects spot
UIC hence is it not a reliable measure of iodine intake at individual level. However, serum
thyroglobulin, a reliable measure of prolonged insufficient iodine intake, was significantly high
among women with eclampsia suggesting that the observed thyroid dysfunction in the current
study may be secondary to iodine deficiency. This study is limited by the inability to determine
serum magnesium levels before routine administration of prophylactic magnesium sulphate
since magnesium deficiency is a potential confounder. The non-thyroidal illness syndrome
(Euthyroid sick syndrome) is another potential confounder of the observed thyroid dysfunction
attributed to iodine deficiency among participants with severe preeclampsia and eclampsia.
The wide confidence interval for some of the predictors of eclampsia obtained on multivariable
analysis may have been due to a small sample size or presence of outliers or a result of
collinearity between explanatory variables such as potassium and triiodothyronine. Studies

with bigger sample sizes will be needed to confirm the observations in the current study.
8.6 Conclusion

Low serum T4 and T3 may predispose to reduced bioavailability of T3 in the CNS and
alteration in the physiological T3/T4 ratio. This may attenuate the inhibitory effects of GABA,
while the excitatory function of glutamate remains intact, resulting in net motor neurone
stimulation. The net motor stimulation may predispose to the involuntary tonic-clonic
convulsions observed in eclampsia. This may further be exacerbated by low serum potassium
that attenuates GABAg receptor mediated tonic extra-synaptic inhibition and magnesium
deficiency, which potentiates the NMDA receptor mediated activation of post-synaptic

neurones.
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CHAPTER 9

Summary of study methods and findings, discussion, conclusions,
limitations and recommendations
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9.1 Introduction

This chapter provides a summary of the key findings in this thesis, discussion, limitations,

conclusion, clinical and public health implications, and the recommendations.
Aims

The aims of the thesis were: 1) To determine the burden of iodine deficiency in pregnancy in
Africa as well as to find out the trends in the prevalence of iodine deficiency in pregnancy in
Africa following the implementation of national iodine fortification initiatives; 2) To find out
if there is an association between iodine deficiency in pregnancy, subclinical hypothyroidism,
endothelial dysfunction and preeclampsia; 3) To investigate possible mechanisms through
which iodine deficiency in pregnancy may predispose to preeclampsia, eclampsia, endothelial

dysfunction and early cardiovascular pathological changes.
Summary of methods

The thesis comprises published manuscripts and manuscripts currently under peer review
arising from the PhD study protocol with the following study designs: systematic reviews and

meta-analyses and case-control studies.

In Part I, a systematic review and meta-analysis was carried to assess the trend and current
prevalence of iodine deficiency in pregnancy in Africa following iodine fortification of salt and
other food staffs that commenced in 1995. An adjunct study to this systematic review was
carried to estimate the level of iodine intake in pregnancy from all African countries derived
from the more readily available school age median Urinary lodine Concentration (UIC) data
through a regression equation. The findings of the two studies were synthesized in chapters 2
and 3, respectively. A second systematic review and meta-analysis was carried to establish the
association of iodine deficiency in pregnancy and preeclampsia, and the data synthesized in
chapter 4.

In Part Il, case-control studies comparing the iodine nutrition status and other relevant
attributes of normotensive pregnant women at term and counterparts with hypertensive disease
in pregnancy of various degrees of severity (preeclampsia, severe preeclampsia and eclampsia)
were carried out at Nelson Mandela Academic and Mthatha Regional Hospitals and the data

synthesised in chapters 5 and 6.

In Part 111, two studies were carried out to delineate the possible mechanisms through which

iodine deficiency interacts with other nutritional and environmental factors to increase the risk
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of preeclampsia (secondary analysis of data from Kinshasa province, Democratic Republic of
Congo) and eclampsia (using data collected through a prospective case control study at Nelson
Mandela Academic and Mthatha Regional Hospitals in Eastern Cape, South Africa). The
findings were synthesized into chapters 7 and 8.

9.2 Summary of the key findings

Part I: To determine the burden of iodine deficiency in pregnancy in Africa as well as to
ascertain the trends in the prevalence of iodine deficiency in pregnancy in Africa following the
implementation of national iodine fortification initiatives.

Chapter 2: The aim of this systematic review and meta-analysis was to determine the degree
and trend in iodine nutrition status in pregnancy in Africa between 1995 and September 2020.
Only 42% of all countries in Africa had data on iodine nutrition in pregnancy most of which
was from subnational samples. Before 1995 very scanty data showed that severe iodine
deficiency was prevalent in pregnancy with a pooled pregnancy median UIC of 28.6 pg/L (95%
Cl 7.6-49.5). By 2005, there was a trend towards improvement in iodine nutrition state in
pregnancy with a pooled pregnancy median UIC of 174.1 pg/L (95% CI 90.4-257.7). Between
2006 and 2020 increased numbers of national and subnational studies from 18 African
countries revealed that some entire countries in Africa, and some specific regions within other
countries, had attained sufficient iodine intake in pregnancy (pregnancy median UIC of >150
Ma/L). Most of the rest had mildly inadequate iodine intake, and some moderate inadequate
iodine intake in pregnancy. The pooled pregnancy median UIC was 145 pg/L (95% CI 126—
172) which is in the category of mildly inadequate iodine intake in pregnancy.

Chapter 3: The objective of study in this chapter, an adjunct study to the systematic review in
chapter 2, was to assess the level of insufficient iodine intake in pregnancy in all African
countries using pregnancy median urinary iodine concentration (pMUIC) estimated from the
frequently available school-age children (SAC) median urinary iodine concentration (mUIC).
Relevant raw data was available for 49/54 African countries from the lodine Global Network
score cards of 2017 and 2019. This study established that a cut-off school age median UIC
<175 ng/L correlated with insufficient iodine intake in pregnancy (median pregnancy UIC
<150 pg/L). Using this cut-off, 82% (9/11) of the countries with both SAC mUIC and pMUIC
were correctly classified. Further analysis showed that 45% (22/49) of all African countries

with relevant data had insufficient iodine intake in pregnancy (pMUIC <150 pg/L).
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Part 11:

To ascertain the relationship between iodine nutrition status in pregnancy and preeclampsia
as well as determine and correlate the degree of iodine deficiency and thyroid function with
the severity endothelial dysfunction and preeclampsia.

Chapter 4: In this chapter, a systematic review and meta-analysis to establish the association
of insufficient iodine nutrition status with risk of preeclampsia is presented. Five eligible
studies were included in the meta-analysis. Three eligible studies, each from a different
continent, showed that preeclamptic participants had significantly lower mean UIC than the
normotensive counterparts (pooled mean UIC difference between normotensive pregnant
women and preeclamptic participants of 164.4 ug/L [95% CI 45.1-283.6, p < 0.01, 12 >50]).
There was a non-significant risk of preeclampsia for women with UIC <150 pg/L in two
eligible cohort studies with a pooled risk ratio of 2.85 (95% CI 0.42—20.05, p = 0.09, 12<25).

Chapter 5: In this chapter, we present a case control study conducted to ascertain the
relationship between iodine nutrition status in pregnancy and preeclampsia. This was carried
out from August 2018 to May 2020 at the maternity units of Nelson Mandela Academic
Hospital (NMAH) and Mthatha Regional Hospital (MRH) in Eastern Cape South Africa.
Participants with severe preeclampsia/eclampsia and those with uncomplicated preeclampsia
had lower iodine intake than normotensive pregnant controls: median UIC (ug/L) 98.8, 127. 7
and 217.1 respectively (p=0.005). The respective serum levels of thyroglobulin a marker of
prolonged iodine deficiency were: Tg (ug/L) 32.9, 21.4, and 19.4 p=0.001. The urinary iodine
concentration showed a significant decreasing trend and the serum thyroglobulin a significant
increase along the gradient of severity of hypertension (UIC: Standard J-T statistic—2.97, p for
trend 0.003; Tg: Standard J-T statistic 3.60, p for trend < 0.001 respectively). In a multivariable
regression model UIC < 100 ug/L, Tg > 20ug/L were independent predictors of hypertensive
disease in pregnancy (HDP).

Chapter 6: The objective of the study in this chapter was to find out how the iodine nutrition
status and serum thyroid-stimulating hormone (TSH) levels varied with the degree of
endothelial dysfunction among normotensive pregnant controls and cases with uncomplicated
or severe preeclampsia. Participants with uncomplicated preeclampsia and severe preeclampsia
had mild and moderate insufficient iodine intake in pregnancy (median urinary iodine
concentration (UIC) 127.7 pg/L and 88.5 pg/L respectively). The normotensive pregnant
controls had adequate iodine intake in pregnancy (median UIC 167.5 pg/L) with significant
difference only between women with severe preeclampsia and normotensive controls (p
<0.05). Participants with severe preeclampsia had significantly higher median TSH and
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oxidised low-density lipoprotein (LDL) than normotensive and preeclamptic women without
severe features (respectively TSH: 3.0, 2.3and 2.3 IU/L; LDL: 1.2, 1.0 and 1.0 IU/L, p < 0.05).
The median Aortic augmentation index was 7.5, 19.0 and 21.0 (p < 0.001) and the pulse wave
velocity (PWV) 5.1, 5.7 and 6.3 respectively for normotensive, preeclampsia and severe
preeclampsia participants (both p<0.001). In a linear regression model, TSH, age and
hypertensive disease were independent predictors of elevated PWV which is a biomarker of

endothelial dysfunction.

Part I11: To investigate the possible pathways through which iodine deficiency in pregnancy

may increase the risk and severity of preeclampsia and preeclampsia

Chapter 7: The objective of the study in this chapter was to investigate the main nutritional,
oxidative and inflammatory pathways that may be associated with the clinical manifestation of
preeclampsia in a peri-urban population of Kinshasa Province, Democratic Republic of Congo
through Principal Component Analysis of data from 250 cases of preeclampsia and 150
normotensive controls who had complete data. The main pathophysiological pathways
identified were the interactions between selenium/iodine deficiency and elevated serum TSH
(suggestive of TSH mediated endothelial dysfunction); serum ferritin, y-Glutamate transferase
(GGT), C-reactive protein (CRP), and low urinary iodine excretion (inflammatory oxidative
stress). The others were elevated serum high sense-C-Reactive protein (hs-CRP) and
Rheumatoid factor (subclinical inflammation and immune cell activation) and high T3/T4 ratio
(prolonged TSH stimulation of thyroid with low thyroid iodine stores and reduced anti-oxidant

capacity secondary to prolonged insufficient iodine intake).

Chapter 8: The objective the study in this chapter was to compare the serum levels of thyroid-
stimulating hormone (TSH), free triiodothyronine (FT3), free thyroxine (FT4) and potassium
of women with eclampsia, severe preeclampsia and normotensive pregnant controls; and to
ascertain if serum T3, T4 and potassium levels were associated with the risk of eclampsia.
Eclamptic participants had significantly lower median serum potassium (K), triiodothyronine
(T3), urinary iodine concentration (UIC) but higher serum thyroglobulin (Tg) than both
participants with severe preeclampsia and normotensive pregnant controls. Their respective
values were K (mmol/L) 3.7, 4.4 and 4.7; T3 (pmol/L) 3.8, 4.4 and 4.7; UIC (ug/L) 69.5, 95.7
and 169.5; Tg (ug/L) 39.0, 22.4 and 19.5, p < 0.05. In a multivariable model low UIC, low
serum T3 and potassium and elevated Tg were independent predictors of eclampsia.
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9.3 Discussion

9.3.1 Trends in the prevalence of insufficient iodine deficiency in pregnancy in Africa
between 1995 and 2020

This study found that there was paucity of data on iodine deficiency in pregnant women from
more than half of the countries on the African continent. The limited data showed a positive
trend from severe insufficient iodine intake in pregnancy before implementing fortification of
salt and other foodstuffs with iodine in 1995 towards sufficient iodine intake by 2020. Although
few countries had more than adequate iodine intake in pregnancy from either highly iodinated
ground water or overzealous food fortification with iodine, several African countries still have
moderate insufficient iodine intake in pregnancy at national or subnational level more than 20

years after the initiation national iodine fortification programs.

Our estimate that 45% of the African countries still have insufficient iodine intake in pregnancy
reveals an immense burden since iodine deficiency in pregnancy and infancy is associated with
defective neuro-cognitive and psychomotor development (1). From the current study and
findings of other studies, iodine deficiency in pregnancy, the resultant thyroid hyper-
stimulation and reduced antioxidant capacity increase the risk of cardiovascular disease,
thyroid dysfunction in the women, and epigenetic changes in the foetus in utero whose
consequences are yet to be elucidated (1, 2). This risk will depend on other environmental
factors such as high dietary thiocyanate and low selenium intake that is prevalent in some
African countries in central and Southern Africa (3).

9.3.2 Insufficient iodine intake and the risk of preeclampsia

This study has demonstrated that the degree of severity of preeclampsia increases with the
severity of iodine deficiency. In addition, insufficient iodine intake in pregnancy was found to
be a predictor of preeclampsia independent of elevated thyroid-stimulating hormone, that
occurs in subclinical and overt hypothyroidism, that are known factors of preeclampsia. This
is consistent with earlier studies although they did not report the relationship between the

degree of severity of preeclampsia and that of iodine deficiency (4, 5).

The rise in serum Thyroglobulin (Tag) and decline in urinary iodine concentration (UIC) along
a clinical gradient of preeclampsia may be due to prolonged exposure to insufficient iodine
intake which may even predate the onset of pregnancy (6). Unlike women with severe
preeclampsia, women with uncomplicated preeclampsia had no significant difference in both
UIC and Tg from normotensive pregnant controls. This seems to imply that there are other
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underlying risk factors of preeclampsia apart from insufficient iodine intake; and that
insufficient iodine intake may exacerbate the severity of preeclampsia in individuals already at
risk of incident preeclampsia. The inconsistent association between insufficient iodine intake
and preeclampsia found in the systemic review and meta-analysis may partially be due to brief

exposure insufficient iodine intake in pregnancy.
9.3.3 lodine deficiency in pregnancy and endothelial dysfunction

This study found that nitric oxide a biomarker of normal endothelial function and UIC were
lower but oxidised LDL and PWV biomarkers of endothelial dysfunction as well as serum TSH
were elevated with more extreme values among cases with severe preeclampsia when
compared to normotensive pregnant controls. lodine deficiency seems to be central to the
observed phenomenon as it can lead to reduced serum antioxidant capacity, low thyroid
hormone output from the thyroid gland and elevated TSH (7, 8). Prolonged elevation of TSH
is associated with inhibition of nitric oxide synthase, low nitric oxide and oxidation of LDL (9,
10). This leads to reduction in flow mediated vascular dilatation and structural changes that are
consistent with high PWV (9-12). Elevated PWV like intima media thickness is a robust
measure of endothelial dysfunction and atherosclerosis that herald the onset of cardiovascular
disease (13). Hence, moderate-to-severe iodine deficiency in pregnancy may not only
predispose to endothelial dysfunction, elevated PWYV and severe preeclampsia but also to future

cardiovascular disease.

9.3.4 Mechanisms through which iodine deficiency, other micronutrient deficiencies and

inflammatory conditions may predispose to preeclampsia and eclampsia.

Secondary analysis of data from the Democratic Republic of Congo established that the major
oxidant and inflammatory pathways associated with increased risk of preeclampsia were
concurrent selenium and iodine deficiency resulting into elevated TSH, low nitric oxide
(endothelial dysfunction) and preferential T3 secretion accounting for the greatest percentage.
Others were acute inflammatory conditions associated with elevated serum GGT, CRP, and
Ferritin leading to excessive release of oxidant hydroxyl radicals; and subclinical inflammatory
conditions secondary to autoimmunity. This study has revealed some of the background risk
factors and mechanisms that operate in concert with iodine deficiency to precipitate and

exacerbate the severity of preeclampsia.
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Some women present with very severe hypertension and organ failure but without eclampsia
or signs of imminent eclampsia while others with modest increase of blood pressure above
normal present with eclamptic fits. In a case control study comprised of eclamptic cases, severe
preeclampsia, and normotensive pregnant controls from the Eastern Cape, South Africa, we
identified low serum potassium levels and prolonged iodine deficiency characterised by

elevated serum thyroglobulin and low serum T3 as independent risk factors for eclampsia.

Apart from the well-known metabolic functions, T3 and T4 are fast acting cytosolic and
synaptosomal neural transmitters that also regulate neuronal excitatory-inhibitory mechanisms
(14). T3 also regulates the Na+-K+-ATPase pump that maintains the membrane ionic gradient
(15). The reduction in thyroid hormone output from the thyroid gland following prolonged
insufficient iodine intake in pregnancy and depletion of iodine stores may increase the risk of
eclampsia through rapid peripheral turnover of thyroid hormones leading to
hypothyroxinaemia and reduced triiodothyronine bioavailability to the central nervous and
alteration in the physiological T3/T4 ratio (1). This may lead to malfunction of the inhibitory
GABA and excitatory glutamate mechanisms hence initiating involuntary tonic-clonic
eclamptic fits (16, 17). This can further be accentuated by low potassium levels that attenuate
GABAGg receptor mediated extra-synaptic inhibition hence explaining our findings in the

current study (18).
9.4 Strength and limitations
9.4.1 Study strengths

This thesis seems to be among the first studies to demonstrate the increased risk and severity
of preeclampsia with the degree of iodine deficiency in pregnancy. The study has also
suggested the possible mechanisms through which prolonged exposure to iodine deficiency in
pregnancy on its own or operating through resultant elevation in TSH and reduction in T3 and
T4 production can predispose to preeclampsia and eclampsia through interaction with other
micronutrient deficiencies like selenium and potassium, toxic agents such as thiocyanates

autoimmune and infective conditions.
9.4.2 Study limitations

We used cases control study design, regression and the principal component analysis to explore
the pathological pathways through which iodine deficiency interacts with nutritional,
demographic and environmental factors to predispose to preeclampsia. A cohort study design,
with sequential data collection in each trimester of pregnancy, is a more appropriate method
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for studying causation, as temporal relationships can be determined with more certainty. We
attempted to control for this pitfall by measuring serum thyroglobulin that provides a better
marker of prolonged exposure to iodine deficiency than UIC or serum TSH. So, future studies
with a cohort design are needed to further explore the associations found in the current study.

Secondly, in the study carried out at Mthatha Regional and Nelson Mandela Academic
Hospital, we could not determine serum magnesium, as all referred patients are routinely
loaded with magnesium sulphate at the referring health units. Because of limited resources, it
was not possible assay serum selenium levels and vaso-active markers such as endothelin that
are also associated with preeclampsia and are potential confounders of the observed association
in the various studies that comprise this thesis. The systematic reviews were limited by the

small number of eligible studies with small sample sizes and substantial heterogeneity.

The case control studies at Mthatha Regional and Academic Hospitals are further limited by
lack of data on thyroid autoimmune antibody status, other nutritional deficiencies such vitamin
C and E that in some studies have been associated with the risk of preeclampsia. Furthermore,
the wide confidence intervals of some independent predictors of preeclampsia or eclampsia
may be due to the small sample sizes or some confounding factors that may not have been

considered in the current study.

9.5 Conclusion

Insufficient iodine intake in pregnancy is an independent risk factor of preeclampsia whose
severity increases with the degree of iodine deficiency. lodine deficiency predisposes to various
degrees of severity and complications of preeclampsia through reduced serum antioxidant
capacity, elevation in serum TSH, and low serum FT3 and FT4. Prolonged iodine deficiency
in pregnancy that causes elevated TSH predisposes severe preeclampsia through endothelial
dysfunction which causes severe hypertension and organ malfunction. The risk of eclampsia is
increased among women with iodine deficiency in pregnancy who develop T3 deficiency and
accentuated in those with concurrent low serum potassium. Alternative measures need to be
considered to mitigate against the persistently high prevalence of iodine deficiency in
pregnancy in Africa despite national salt iodization programs and other iodine fortification

efforts that have been in place since 1995.
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9.6 Clinical and public health implications

Optimizing iodine intake during pregnancy may reduce the incidence and severity of
preeclampsia. Maternal and perinatal outcomes of women with early onset preeclampsia who
have iodine deficiency could be improved by supplementation with both iodine and LT4.
Previous intervention studies did not find enough evidence that LT4 supplementation improved
pregnancy outcomes among women with elevated TSH secondary to subclinical
hypothyroidism apart from those with underlying autoimmune thyroid disease. However, these
intervention studies did not consider supplementation with iodine whose deficiency is an
alternative and more prevalent cause of elevated serum TSH and hypothyroidism than
autoimmune thyroid disease. In the current study, we have suggested possible mechanisms,
through which iodine deficiency operates both independent of elevated TSH and through TSH
to predispose to preeclampsia and vascular changes characteristic of early cardiovascular

disease.

lodization of salt and other methods of fortification of foodstuffs have improved the iodine
intake in the general population in Africa with reduction in cretinism and goitre. However, the
persistent high prevalence of inadequate iodine intake in pregnancy that is worsened by the
increased renal iodine filtration during pregnancy predisposes large proportions of foetuses in
utero to iodine deficiency hence inadequate psychomotor and neurological development and
reduced physical and mental capacity in later life. This could also be accompanied by
epigenetic DNA changes that some have proposed increase the risk of chronic non-

communicable diseases.

Ensuring adequate iodine nutrition during pregnancy will prevent thyroid hyper stimulation
hence preventing excessive uptake of thiocyanates and nitrates that increase the risk of chronic
thyroid disease (2).

9.7 Recommendations

Regular assessment of iodine nutrition status in pregnancy using pregnancy median UIC is
necessary in all African countries preferably as part of National Demographic and health

surveys as already being implemented in Tanzania (19, 20).
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Countries with regions having moderate-to-severe iodine deficiency in pregnancy should
consider iodine supplementation for women in reproduction or women early in the first

trimester with lipoid oil, which is safe and effective at correcting iodine deficiency (21-23).

Intervention studies are necessary to assess the iodine nutrition state, thyroid function and the
impact of iodine and thyroxine supplementation on maternal and fetal outcomes of women with

very early onset preeclampsia.

Studies are needed to assess epigenetic changes associated with in utero exposure to iodine
deficiency for babies born to normotensive women and women who develop complicated or
uncomplicated preeclampsia or eclampsia. Follow-up studies can assess the risk of
psychomotor, neurocognitive deficiency, and future thyroid, cardiovascular risk, and end organ

damage among these women and their progeny.
9.8 Contribution of this thesis

This study demonstrated that prolonged insufficient iodine intake in pregnancy, which was
confirmed by concurrent low UIC and elevated serum thyroglobulin, is an independent risk
factor for preeclampsia. These results were corroborated by Abel et al. (6) in a recent
Norwegian cohort study who found that iodine deficiency increased the risk of preeclampsia
and other adverse perinatal outcomes but supplementation with iodine before pregnancy

reduced the risk of preeclampsia among women with low dietary iodine.

This study therefore will help add to the emerging body of literature that insufficient iodine
intake in pregnancy, which has not yet been officially recognised by scientific bodies such as
the World Health Organisation (WHQ) and the International Federation of Obstetrics and
Gynaecology Organisations (FIGO), is a preventable risk factor for preeclampsia and other
adverse maternal and foetal outcomes that is worth screening in areas and populations with

iodine-deficient diet or diet rich in goitriens.

This study has also shown that the severity of preeclampsia increases with the degree of iodine
deficiency and the resultant pattern of thyroid dysfunction. Mild iodine deficiency predisposes
to preeclampsia without complications. Moderate to severe iodine deficiency associated with
elevated thyroid-stimulating hormone (TSH), even in the upper range of normal, predisposes
to more severe endothelial dysfunction and clinical features such as severe hypertension and
organ malfunction that define the diagnosis of preeclampsia with severe features. Participants
with preeclampsia accompanied with severe features were found to have elevated pulse wave

velocity which suggests structural changes that herald future cardiovascular disease implying
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that prolonged exposure to elevated TSH in pregnancy may increase the risk of future

cardiovascular disease.

This study also found that irrespective of the severity of the blood pressure, women with
moderate-to-severe iodine deficiency in pregnancy that results in low serum free
triiodothyronine (FT3) are at increased risk of Eclampsia especially if they have concurrent

low serum potassium level.

The results of this study also suggest that the primary mechanisms through which iodine
deficiency predisposes to preeclampsia is the reduction in the antioxidant capacity and initial
endothelial dysfunction. In addition, prolonged insufficient iodine intake in pregnancy that
results in depletion of thyroid iodine stores, reduced thyroxine and triiodothyronine production

and elevated TSH further exacerbating the degree of endothelial dysfunction and preeclampsia.
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This part comprises of:

Appendix I: Questionnaire

Appendix I1: Participant information sheet and consent form
Appendix I11: Ethics clearance certificates

Appendix IV: Published systematic review protocols
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APPENDIX I: Questionnaire

Questionnaire for the risk and severity of preeclampsia secondary to lodine deficiency
and iodine deficiency-mediated subclinical hypothyroidism: mechanisms and early
cardiovascular consequences

STUDY SERIAL NUMBER

DATE: I

SECTION 1
101 Parity Gravida __ +
102 LNMP / /201
EDD and WOA / /201 WOA
103 Date of HIV serology / /201
104 Outcome of HIV serology Non reactive-------- 1

Reactive------------- 2

105 Working diagnosis
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Section 2: Socio-demographic characteristics

Questions and Filters Coding
201 Age
202 Highest level education
E.g. grade 6, Matrix, college, University
203 Marital status Never in UNiON-------=--==mcmmemmemmemmm 1
Married------- REE— 2
Widowed-------- - ]
Divorced------==-=====mmmmmmmmmm e 4
Separated----------=-=-mmmmmmmmm e 5
Re-married------ S — 6
204 Occupation (Y01 110] -] (R — 1
Unemployed------------ 2
Businesswoman------- 3
Educator ---------------- 4
Farmer ------------------- 5
Clerk-----==-====mmeemem- 6
Homemaker--------------- 7
Other specify
205 If you are employed, on average, how
much do you earn per month? R
a
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b. un employed

206

Religion

Methodist------------------- 1
Anglican----------==---=----- 2
Pentecostal/born again--3
Catholic-------=----=nmnmmm-- 4

Muslim------------=--=--o--—-- 5

Traditional------------- 6

Other(specify)-------------- 2060th

207

Ethnic/cultural group

Residential address:
Ward

Village

208

Residential area

On a farm---------=--=---moemmme e 1
In City/town---------=--=mmmmm oo 2

In township formal settlement-----3
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Township informal settlement-----4
In rural area (not a farm)------------ 5

Other, Specify

211 Type of house where the respondent | Brick house/flat-------------- 1
currently lives
Wendy house----------------- 2
Shack in the yard------------ 3
Shack in a squatter area---4
Other, specify
212 Do you have electricity in the house where | Yes------- 1
ou stay?
Y Y No-------- 2
300 Parity and previous pregnancy
outcomes
301 Parity Para +
302 Outcomes of previous pregnancies sex | Mode of delivery and outcome
1
2
3
4
5
6
7
400 Antenatal care
401 Antenatal Care booking status Booked -------- 1 Not booked----2
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402 Gestational age at booking WOA
403 Number of ANC visits
404 Date of last ANC Visit before admission |/ /201
500 Previous  history of  pregnancy

complications:
501 Miscarriage Yes ----1 NoO------ 2
502 IUFD Yes ----1 No------ 2
503 Abruptio placentae Yes ----1 NoO------ 2
504 Preeclampsia/eclampsia/HT in pregnancy | Yes ----1 No------ 2
505 Gestational DM Yes ----1 No------ 2
506 Other
600 History suggestive of risk of thyroid

disease:
601 Thyroid disease Yes ----1 NO------ 2
602 Radioactive iodine therapy Yes ----1 NO------ 2
603 Thyrodectomy Yes ----1 NO------ 2
604 External radiation to the neck Yes ----1 No------ 2
700 Previous history of DM/HT:
701 Insulin dependent DM Yes ----1 NoO------ 2
702 Type 2 DM Yes ----1 No------ 2
703 Chronic hypertension Yes ----1 No------ 2
800 Physical findings
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801 Maternal height (cm)

802 Maternal weight (kg)

803 BMI

804 Pulse rate

805 Highest recorded Blood pressure mm Hg

806 Current blood pressure

807 FHR

900 Obstetric Ultrasound findings

901 Estimated gestational age

902 Estimated foetal weight

903 Placental grade

904 AFI (amniotic fluid index)

905

1000 | Laboratory tests

1001 | TSH

1002 | T4

1003 | T3
Thyroid function profile

1004 | TPOADs (anti-thyroid peroxidase
antibodies)

1005 | Thyroglobulin
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1006

Urine lodine Concentration

1007

Urine creatinine

Urine Potassium Concentration

Urine magnesium Concentration

Serum superoxide dismutase
(SOD)

activity

Serum Selenium levels

Serum glutathione levels

Serum Malondialdehyde levels

Placenta growth factor (PIGF)

SFLT1

Serrum ferritin

Transferrin

Placenta growth factor (PIGF)

U & E profile

1009

Serum potassium

Serum Magnesium

Serum sodium levels (Na+)

1010

Serum Creatinine

Serum urea

AST
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ALT

HB

FBC

WBC total and differential counts

CRP quantitative

CRP-ultra sensitive

C-Pepetide

Insulin

Lipogram

Total Cholesterol

HDL cholesterol

LDL cholesterol

Oxidised LDL

Triglycerides

Serum Albumin
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APPENDIX I1: PARTICIPANT INFORMATION SHEET AND CONSENT FORM

TITLE OF THE RESEARCH PROJECT:

The risk and severity of preeclampsia secondary to lodine deficiency and iodine
deficiency-mediated subclinical hypothyroidism: mechanisms and early cardiovascular
consequences

REFERENCE NUMBER:
INVESTIGATOR: Charles Bitamazire Businge

ADDRESS: Department of Obstetrics and Gynaecology, Faculty of Health Sciences,
Walter Sisulu University, Private Bag X1, WSU, 5117, Mthatha.

CONTACT NUMBER: +27727243520

You are being invited to take part in a research project. Please take some time to read the
information presented here, which will explain the details of this project. Please ask the study
staff or doctor any questions about any part of this project that you do not fully understand. It
is very important that you are fully satisfied that you clearly understand what this research
entails and how you could be involved. You are free to say yes or to say no. If you say no, you
will still be given the same quality of treatment, and it will not be held against you. You are
also free to withdraw from the study at any point, even if you do agree to take part.

This study has been approved by the Committee for Human Research at Walter Sisulu
University and the University of Cape Town. In addition, permission has been granted by the
Eastern Cape Department of Health and the Heads of Clinical Governance at Mthatha Regional
and Nelson Mandela Academic Hospital to conduct this research. This research will be
conducted according to the ethical guidelines and principles of the international Declaration of
Helsinki, South African Guidelines for Good Clinical Practice and the Medical Research
Council (MRC) Ethical Guidelines for Research.

What is this research study all about?

This study aims to determine if iodine deficiency in pregnancy increases the risk and severity
of preeclampsia among pregnant women in South Africa and other African countries.
Preeclampsia is one of the serious conditions that lead to severe illness among pregnant women

and their babies worldwide and in South Africa. The exact cause is not known but several risk
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factors that are associated with preeclampsia have been identified. This study will help to
establish if iodine deficiency, which increases in pregnancy and is likely to be common in
mothers not taking adequately iodized salt in South Africa, is associated with increased risk
and severity of preeclampsia.

If this study results finds show iodine deficiency and the associated under-functioning of the
thyroid gland (subclinical hypothyroidism) increase the risk of preeclampsia, it will help the
Department of Health to plan screening and treatment of affected women in our area with
iodine or thyroxine to improve on the successful outcome of the future pregnancies of the

affected women.
Why have you been invited to participate?

You have been chosen to participate because the results will help in establishing whether the
women with preeclampsia, a common complication of pregnancy in this region, have an
underlying iodine deficiency or subclinical hypothyroidism whose treatment or prevention can
improve the pregnancy outcome of many women in this setting. So your participation is

precious.

What will your responsibilities be?

You will be required to allow us to use the information in your maternity record like results of
blood tests and examination findings and sometimes give an extra sample of blood and urine
for tests to the level of thyroid hormones and associated factors in your blood and iodine in the
urine. We will also ask you a few other questions your past health, life history and lifestyle. In
addition, we shall use a specialized machine SphygmaCor to measure your blood pressure and
wave pattern of your radio and femoral arteries. This helps us to know if your blood vessels
can expand and contract normally and if this function is associated with iodine deficiency of

thyroid gland function.

Will you benefit from taking part in this research?

Your participation will be valuable as it will help establish whether iodine deficiency and
abnormal thyroid function increase the risk of preeclampsia among pregnant women in this
area. This will help the department of health and the hospital in planning better care for the
affected population. Some results may help identify whether your iodine intake is adequate and

if your thyroid gland is normal or if there is need for further assessment of your thyroid gland
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or treatment. Otherwise, you will receive the same standard care given to women with your

condition presenting at Nelson Mandela Academic Hospital.

Are there in risks involved in your taking part in this research?

There is no known risk involved in your participation in this study.

If you do not agree to take part, what alternatives do you have?
Whether you decide to participate in this study or not will not affect your access maternity or

neonatal care.

Who will have access to your medical records?

All personal information collected will be treated as confidential and access to it will be strictly
controlled and limited to the investigators. All identifying information will be anonymised at
the earliest possible time point. All patient specimens will be assigned study numbers for

identification when used in a publication or thesis.

What will happen in the unlikely event of some form injury occurring because of your
taking part in this research study?

We do not expect any extra risk as a result from participation in this study as no other products
are going to be offered other than the standard treatment for patients with preeclampsia or a
normal pregnancy. If any complications arise, you will be given the same standard approach to
care given to patients at Nelson Mandela Academic Hospital according to their specific

condition.

Will you be paid to take part in this study and are there any costs involved?
You will not be paid to take part in the study, and you will not incur any costs either.
Is there anything else that you should know or do?

e You can contact Prof M L Mdaka (Telephone: 0824690644)

e and Dr C B Businge (Tel: 0727243520) if you have any further queries or encounter

any problems.

e You will receive a copy of this information and consent form for your own records.
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Participants consent form

By signing below, ... ... agree to take part in a
research study entitled:

The increased risk and severity of preeclampsia secondary to lodine deficiency and iodine
deficiency-mediated subclinical hypothyroidism at Nelson Mandela and Mthatha
Regional Hospitals

| declare that:

e | have read or had read to me this information and consent form and it is written in

a language with which I am fluent and comfortable.
¢ | have asked questions and all my questions have been adequately answered.

e | understand that taking part in this study is voluntary and | have not been

pressurised to take part.

e | may choose to leave the study at any time and will not be penalised or prejudiced
in any way. If | choose to leave the study a month after | have donated a sample

with no sample, | may ask that my sample be discarded.

Signed at (place) ......ccccceveveveeeeiieieceeeeeeeeeecon (date) o 20...

Signature of participant Signature of witness
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Declaration by investigator

e | explained the information in this documentto......................ocooiiiinai,
¢ | encouraged her to ask questions and took adequate time to answer them.

e | am satisfied that she adequately understands all aspects of the research, as
discussed above

e | did/did not use an interpreter. (If an interpreter is used, then the interpreter must
sign the declaration below).

Signed at (place) .......ccceevevveeiieveeeeeeieeeeecon (date) 20...

Signature of investigator Signature of witness

Declaration by interpreter

o | assisted the iNvestigator (NAME)........cceiieiiee e
to explain the information in this document to (name of participant)

e eteee e tee e —eean et e et e e et e aaeeeaneeeneeaneeenneeneeeaneeaneeee USING the language
medium of Afrikaans/Xhosa/ Other Specify:

e We encouraged him/her to ask questions and took adequate time to answer them.

e | conveyed a factually correct version of what was related to me.

e | am satisfied that the participant fully understands the content of this informed
consent document and has had all his/her question satisfactorily answered.

Signed at (place) ......ccccceveveveeeeiiecieeeeeeeeeeeeecon (date) o 20..

Signature of interpreter Signature of witness
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INTATHO NXAXHEBA KWEZEMFUNALWAZI KUXWEBHU NESIVUMELWANO
KUXWEBHU

Isihloko semfunalwazi kwiprojekti:

ingaba ukuncipha kwe lodine nokuhamba amaziko oncedo lokugala i Hypothyroidism izala
ipreeclampsia phakathi kwabafazi abakhulelweyo kwisibhedlele iNelson Mandela kunye
nezibhedlele sesixeko saseMtata?

Oyena uphambili kuphando: Charles Bitamazire Businge
1Adress:

Isebe lezentsana nokubeleka

Imfundo yempilo nenzululwazi

Walter Sisulu Dyunivesiti, private bag x 15117, Mthatha
Inombolo zomxeba: 0727243520

Uyamenywa ukuzothabatha inxaxheba kwimfunalwazi yaleprojekti. Nceda uthathe ixesha
ufunde ulwazi oluvezwe apha, izakuchaza ngokwemininingwane yaleprojekti. Nceda ubuze
kwigela labaphandi okanye kuGgirha nawuphina umbuzo nandawoni kule projekti
ongayiqondiyo. Kubalulekile ukuba wonele yinkcazelo kulemfunalwazi ekugaleni nakwimeko
yokuba ungazibandakanya njani. Ukhululekile ukuba uvume okanye wale, ukuba uthi hayi
uyakunikwa into efanayo ngokubalugilima ngempatho. Ayizukuba yinto ezakuchasana nawe.
Ukhululekile ukuba urhoxe ekufundeni phantsi kweyiphi imeko, nokuba awuvumi ukuthabatha
inxaxheba. Lemfunalwazi ipasiswe yikomiti yophando ngomntu eWalter Sisulu Dyunivesiti
izakukhokhelwa ngokwemigaqo yalondawo, yase Helsinki, neyaseMzantsi weafrika
imigagonkqubo ephucukileyo yezonyango nophando lwezamachiza (MRC) imigagophando.

YINTONI EPHATHELENE NOLUPHANDO?

Oluphando lujolise ekwahluleleni ilodine ukhulelo oluggibeleleyo yandisa ingcuphe nentlungu
yepreeclampsia phakathi kwabafazi abakhulelweyo eMzantsi weAfrika. IPreeclampsia yenye
yezifo ezibuthathaka imeko ekhokhelela kwingulo engamandla kubafazi abakhulelweyo
neentsana zabo emhlabeni jikelele nase Mzantsi weafrika. Oyena nobangela akaziwa kodwa
ezonampawu ezinxulumene nepreeclampsia zifumaneki olulwazi lunceda ukuveza ukuba
iiodine eshokoxekileyo, eyandayo kukhulelo yinto exhaphakileyo kumanina ngokuba akukho
okwaneleyo nge lodizede ityuwa eMzantsi Afrika, inxulumene nengcuphe eyandayo
nongxunguphalo lwePreeclampsia. Ukuba oluphando lungafumana iodine engonelanga kunye
nonxulumano locwaningo Iwezempilo hypothyroidism eyandayo kwiPreeclampsia,
izakunceda icandelo lezempilo ukucwangcisa ukuphonononga nonyango lwenina
elichaphazelekileyo kwindawo yethu kwilodine okanye iThyroxine ukuphucula
kwimpumelelo yeziphumo kwixesha elizayo kukhulelo kwinina elichaphazelekileyo.
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KUTHENI UMENYIWE UKUBA UTHATHE IXAXHEBA?

Ukhethiwe ukuba ubengumthathi nxaxheba kuba iziphuma zakunceda ukuveza ipreeclampsia
eghelekileyo kwiinzima zokukhulelwa kulenginggi ukuze ufumane ilodine ikungongophala
okanye kuncedo lokugala kwezempilo iHyporoidism enyangwa kukuthintelwa ingaphucula
amaninzi akhoyo kulondawo, ke intatho nxaxheba ibalulekile.

ZINTONI OMAWUZIGADE

Kuzofuneka usivumele sisebenzise ulwazi kwincwadana yakho yokugala kwezempilo
neziphumo zovavanyo gazi nihlahlubo olufumeneyo ngamanye amaxesha unikezele
ngamagazi akho nokuvavanywa komchamo kwinganaba lwencindi yeThyroid nonxulumano
Iwezinye izinto egazini nelodine emchameni, Imbhali ngobom nendlela oliphethe ngayo
kungezelelo sizakusebenzisa umatshini okhethekileyo iSphygmacor ukukala unxinizelelo
Iwegazi ukuvavanya ipateni yexilongo neFemoral arteries. Inceda ukwazi ukuba imithambo
luvo ikwazi ukukhukhumala kunye nokunciphisa okuvumelekileyo ukuba lento esebenza
ngayo inxulumene noshokoxeko Iwelodine Thyroid gland iyasebenza.

IKHONA INZUZO OZAKUYIFUMANA NGOKUTHATHA INXAXHEBA?

Ibalulekile Inxaxheba yakho njengoko inceda ekuveliseni ukuba ungongophalo Iwelodine
nokungagheleki kweThyroid ngongasebenzi yandisa ingcuphe yepreeclampsia ukucwangcisa
abo bachaphazelekileyo. lyakunceda icandelo Iwezempilo nezibhedlele ukucwangcisa abo
bachaphazelekileyo. Ezinye zeziphumo zinganceda ukuba ilodine esetyenziswa emzimbeni
yonele ukuba ithyroid gland ukuba ilungile okanye ifunwa inggwalasela ngokuthechatha
ithyroid inyangwe, ngapha koko azakuzuza unakekelo olufanayo ngokokubonakala imeko
okuyo kwisibhedlele sasNelson Mandela Academic Hospital.

INGABA KUKHONA UNXUNGUPHALO NGOKUTHATHA INXAXHEBA?
Akukho ngcuphe eyaziwayo ekhona kwintatho nxaxheba yakho koluphando.

UKUBA AWUVUMI KUTHATHA NXAXHEBA, YEYIPHI INTO ONGEZA NAYO
EYOHLUKILEYO.

Nokuba uggiba ukuthabatha inxaxheba okanye hayi asiyikukuphazamisa kwinkululeko okanye
ukuthathela ineonatal. Ngubani ozokuba nendlela yokujonga imeko yakho yonyango. Kuyo
yonke inggokelela yolwazi iyakubayimfihlo. Nokuvela kwayo iyakubanendlela yokulawula
ngabaphandi. Yonke into eyakhuthi ifunyaniswe iyakungavezwa iyeyomntu kwixesha
elikhawulezileyo. Yonke into efumanekileyo kwisigulane kuyakuphawulwa ukwenzela ukuba
kubonwe lowo ufunwayo ukuze isebenze kubantu abaligela.

KUYAKWENZEKANI KWINTO ENGAFUNIYO KWIZINTO EZIFANA NENGOZI
XA ISENZEKA UKWIPHULO LWEMFUNA LWAZI?

Asikwazi ukucingela nayiphina ingcuphe ngokweziphumo njengoko kungekho chiza
elinikezwa  ngaphandle  kwechiza  elighelekileyo  ngokwezonyango  kwiziguli
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ezinePreeclampsia okanye ukhulelo olughelekileyo. Ukuba kuvela ingxaki uyakunikwa into
efanayo naleyo esetyenziswa esiBhedlele ngokwemeko ababone ngayo kuwe.

INGABA UZAKUBHATALWA NGOKUTHATHA INXAXHEBA KWEZIZIFUNDO
INGABE KUKHONA OKUHLAWULWAYQO?

Awuzukubhatalwa ngokuthatha inxaxheba kwezemfundo, awunakuzibona sele usengxakini
yohlawula.

INGABE IKHONA ENYE INTO OFUNA ULWAZI LWAYO?

Ungadibana noProf ML Mdaka (umnxeba 0824690644) noggirha CB Businge (umxeba
0727243520) ukuba unengxaki okanye udibene nento ongayiqondiyo. Uzakufumana ushicilelo
yolulwazi noxwebhu Iwemvumelwano ukuze unike ingxelo yakho.
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ABATHATHI NXAXHEBA KWIXWEBHU LWESIVUMELWANO.

NgokutyiKitya NQezantSi, MNA.........cccceiieriiiieiierie e ndiyavuma
ukuthabatha inxaxheba kwizifundo zophando ezidingekayo.

Ukwanda kwengcuphe yepreeclampsia elandela ukungongophala kweiodine
engongopheleyo ithi ilanyulwe zinkonzo zempilo ihypothyroidism kwisibhedlele
saseNelson Mandela nakwisixeko saseMthatha.

Ndiyavuma ukuba ndifundile ngolulwazi noxwebhu oluvuma lubhalwe ngolwimi endikwaziyo
ukuluthetha nokulonwabela.

Ndibenethuba lokubuza imibuzo yonke imibuzo yam iphenduleke ngokwanelisayo.

Ndiyagonda ukuba ukuthabatha inxaxheba kwezizifunda kungokuzithandela kanjalo
andinyanzelwangaa ukuba yinxalenye.

Ndingakwazi  ukukhetha ukusiyeka esisifundo nangaliphina ixesha kananjalo
andinokohlwaywa okanye ndiphazanyiswe nangaluphi na uhlobo. Ukuba ndikhethe ukuyeka
kwesosiifundo emvakwenyanga ndikhuphe isampula okanye kungesampula ndingacela ukuba
isampula sisuswe.

Kutyikitywe (indawo)...........ccccereriennene Phi(USUKU)......ooviiiiiiiie, 20.........
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ISIBHENGEZO SOMPHANDI
MNA(IJAMA)......eeeieeieeieiiere e e e e eneeeneeas ndibhengeza ukuthi:

-Ndicacisile ngolwazi KOIUXWEDNU KU...........cccooiiiiiiiiiee ndathabatha
ixesha eloneleyo ukuyiphendula imibuzo.

-Ndonelisekile ukuba ukwazile ukugonda ngokwaneleyo zonke iinkalo zophando njengoko
bezixoxiwe ngasentla.

-Ndithe/andisebenzisanga toliki, ukuba kusetyenziswe itoliki, itoliki leyo mayityikitye
isibhengezo ngezantsi

Ityikityiwe (Indawo)........ccecceeveeeeneeeene kwi(usuku) .o 20.........

UtyiKityo IWetoliKi..........ccooevveieeie e,

ISIBHENGEZO SETOLIKI

NAI(IGAMA). ... ndibhengeza ukuthi.

-Ndincedise umphandi (igama)............ccoveviiieiiieieeie e ukucacissa ulwazi ku
(igama lomthathi nxaxheba)........ccccoooeiiiiiii ndisebenzisa ulwimi

Iwesibhulu/Xhosa nezinye IWIMi.........ccoceiiiiii
-Sikhuthaze usisi okanye ubhuti ukubuza imibuzo sathatha ixesha eloneleyo ukubaphendula.
-ndiye ndagwalasela olona vuthondaba olululo olunxulumene nam.

-Ndonelisekile ukuba umthathi nxaxheba uyagonda ngokwanelisayo uvuthondaba loxwebhu
Iwesivumelwano kuvakele ukuba yonke imibuzo iphenduleke ngokwanelisayo.

Ityikitywe e(iNndawo)..........ccccevvreniriinnnnn. KWi(USUKU)....cveviiiiiienne 20...

Utyikityo Iwetoliki Utyikityo lwenggina
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- UNIVERSITY OF CAPE TOWN
| & Faculty of Health Sclences
Human Research Ethics Committee
Room E53-46 Old Main Bullding
Groote Schuur Hospital
Observatory 7925
Telephone [021] 406 6492
sumayah.arlefdien@uct.ac.za

16 May 2018

HREC REF: 135/2018

Prof AP Kenge

Medicine

NCD Research Unit

South African Medical Councfl
PO Box 19070

Tygerberg

Dear Prof Kenge

PROJECT TITLE: THE RISK AND SEVERITY OF PREECLAMPSIA SECONDARY TO IODINE
DEFICIENCY AND IODINE DEFICIENCY-MEDIATED SUBCLINICAL HYPOTHYROIDISM:
MECHANISMS AND EARLY CARDIOVASCULAR CONSEQUENCES (PhD Dr C Businge)

Thank you for your response letter dated 23 April 2018, addressing the issues raised by the Human
Research Ethics Committee (HREC).

It is a pleasure to Inform you that the HREC has formally approved the above-mentioned study.
Approval is granted for one year until the 30 May 2019.
Please submit a progress form, using the standardised Annual Report Form If the study continues

beyond the approval period. Please submit a Standard Closure form if the study is completed within the
approval perlod.

(Forms can be found on our webslite: www,health.uct.ac.za/fhs/research/humanethics/forms)

We acknowledge that the student: Dr Charles Businge will also be involved In this study.
Please quote the HREC REF in all your correspondence.

Please note that the ongoing ethical conduct of the study remains the responsibllity of the principal
Investigator.

Please note that for all studies approved by the HREC, the princlpal investigator must obtain appropriate
institutional approval, where necessary, before the research may occur.

Yours sincerely

HREC:135/2018
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HUMAN RESEARCH COMMITTEE
CLEARANCE CERTIFICATE

PROTOCOL NUMBER 1066/ 2017

PROIJECT : THE RISK AND SEVERITY OF PREECLAMPSIA SECONDARY TO IODINE
DEFICIENCY AND SUBCLINICAL HYPOTHYROIDISM

INVESTIGATOR(S) : DR CB BUSINGE
DEPARTMENT : OBSTETRICS & GYNAECOLOGY
DATE CONSIDERED : 25 OCTOBER 2017

DECISION OF THE COMMITTEE : APPROVED

N.B You are required to provide the committee with a progress or outcome report of the research after every
6 months. The committee expects a report on any changes in the protocol as well as any untoward events that
may occur at any time during the study as soon as they occur,

WALTER SISULU UNIVERSITY

ACADEMIC HEALTH SERVICE COMPLEX OF THE

: os EASTERN CAPE
POSTGRADUATE EDUCATION AND TRAINING /
B repmemmmessmee | 20)0/0/7

WALTER SiSULU UNIVERSITY
DR Z VUNDLE PIBAG X 1, WSU, 5117, E.C DATE
CHAIRPERSON TEL: (047) 502 2100 / FAX: (047) 502 2101

-

DECLARATION OF INVESTIGATOR(S)
{To be completed in duplicate and one copy returned to the Research Officer at Office L311, 3" Floor, Old Library Building,
NMD Campus, WSU)
1/We fully understand the conditions under which | am/we are authorized to carry out the abovementioned research and
1/we guarantee to ensure compliance with these conditions. Should any departure to be contemplated from the research
procedure as approved I/we undertake to resubmit the protocol to the Research Ethics Committee. |/We agree to a
completion of a yearly progress report.

N. B. Please quote the protocol number in all enquiries.
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HEALTH
Enquiries: Zonwabele Merile Tel no: 083 378 1202
Email: Zonwabele.Mer'iIe@echealfh.govza Fax no: 043 642 1409
Date: 15 May 2018

RE: THE RISK AND SEVERITY OF PREECLAMPSIA SECONDARY TO IODINE

DEFICIENCY AND SUBCLINICAL HYPOTHYROIDISM (EC_201805_005)

Dear Dr CB. Businge

The department would like to inform you that your application for the abovementioned research
topic has been approved based on the following conditions:

L. During your study, you will follow the submitted amended protocol with ethical approval and
can only deviate from it after having a written approval from the Department of Health in
writing.

2. You are advised to ensure, observe and respect the rights and culture of your research
participants and maintain confidentiality of their identities and shall remove or not collect any
information which can be used to link the participants.

3. The Department of Health expects you to provide a Progress on your study every 3 months
(from date You received this letter) in writing.

4. At the end of your study, you will be expected to send a full written report with your findings
and implementable recommendations to the Eastern Cape Health Research Committee
secretariat. You may also be invited to the department to come and present your research
findings with your implementable recommendations.

5. Your results on the Eastern Cape will not be presented anywhere unless you have shared them
with the Department of Health as indicated above.

Your compliance in this regard will be highly appreciated.

SECRETARIAT: EASTERN CAPE HEALTH RESEARCH COMMITTEE
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httpsv/doiorg/10.1186/513643-019-1062-7 Syste matic Reviews

PROTOCOL Open Access

The prevalence of insufficient iodine intake h@
in pregnancy in Africa: protocol for a -
systematic review and meta-analysis

Charles Bitamazire Businge?"®, Benjamin Longo-Mbenza® and Andre Pascal Kengne'#

Abstract

Background: Insufficient iodine intake in pregnancy is associated with many adverse pregnancy outcomes, About
909 of African countries are at risk of iodine deficiency due to poor soils and dietary goitrogens. Pregnancy
predisposes to insufficient iodine nutrition secondary to increased physiological demand and increased renal loss.
lodine deficiency is re-emerging in countries thought to be replete with pregnant women being the most affected.
This review seeks to identify the degree of iedine nutrition in pregnancy on the entire African continent before and
after the implementation of naticnal iodization programmes,

Methods: A systematic search of published literature will be conducted for observational studies that directly
determined the prevalence of insufficient iodine intake among pregnant women in Africa. Electronic databases and
grey literature will be searched for baseline data before the implementation of population-based iodine supplementation
and for follow-up data up to December 2018, Screening of identified articles and data extraction will be conducted
independently by two investigators. Risk of bias and methodological quality of the included studies will be assessed wsing
a risk of bias tool. Appropriate meta-analytic techniques will be used to podl prevalence estimates from studies with
sirilar features, overall and by major characteristics including the region of the study, time period (before and after
implementation of iodization programmes), sample size and age. Heterogeneity of the estimates across studies will be
quantified and publication bias investigated. This protocol is reported according to Preferred Reporting Iterns for
Systernatic reviews and Meta-Analysis protocols (PRISMA-P) 2015 guidelines.

Discussion: This review will help ascertain the impact of national iodization programmes on the iodine nutrition status in
pregnancy in Africa and advise policy on the necessity for monitoring and mitigating iodine deficiency in pregnancy in
Africa. This review is part of a thesis that will be submitted to the Faculty of Health Sdences, University of Cape Town, for
the award of a PhD in Medicine whose protocol has been granted ethics approval (UCT HREC 135/2018). In addition, the
results will be published in a peer-reviewed journal.

Systematic review registration: PROSPERD CRD420180599434
Keywords: lodine, Insuffidency, Pregnancy, Africa

¥ Correspondence: bsnbitd @myuct ac z; chusingae@gmail.comy
chusinge@wsuacza

'Department af Medicine, Faculty of Health Sciences, University of Cape
Town, Cape Town, South Africa

Department of Obstetrics and Gynaecology, Faculty of Health Sclences,
Walter Sisulu University, Private Bag x1 WSU, 5117, Mthatha, South Africa
Full list of authar information i available at the end of the article

@ The Author(s. 2019 Open Access This articke i distributed under the terms of the Creative Commons Attribution 4.0
International License {hitpeffaeativecommans.orgficenses by/4.04, which permits unmestricted use, distribution, and
repraduction in any medium, pravided you give appropriate credit to the oniginal author(g) and the source. pravide a link to

the Creative Commoans license, and indicate if changes were made The Creative Commons Public Damain Dedication waives
{httpicreativecommans.ong’ publicdamain/zso /1 04 applies to the data made available in this artide, unless othenwise stated.
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Strengths and limitations of this study

o This will be the first systematic review and meta-
analysis aiming to estimate the level of iodine
deficiency among pregnant women in Africa.

s Methodological and statistical procedures that will
be used to derive accurate estimates are robust and
reliable.

e This review may be limited by the degree of
accuracy of the various methods used to measure
urine iodine concentration.

¢ Since urine iodine concentration varies according to
the time day when the sample was collected, this
may introduce some degree of heterogeneity

s Further heterogeneity may be introduced by studies
with small sample sizes.

Background

Although iodine deficiency affects over 2 billion people
worldwide and is re-emerging in formerly iodine-replete
industrialised countries, pregnant women, lactating mothers
and their offspring are more susceptible to the adverse
effects of indine deficiency [1]. These include stillbirths, mis-
carriages, intrauterine growth restriction, postpartum thy-
roiditis, subclinical and overt hypothyreidism, dyslipidemia,
neuro-cognitive and psychomotor deficits [2—4].

In endemic areas, chronic iodine deficiency among
women in reproductive age will be exacerbated by the in-
creased renal clearance and loss in urine which will pre-
dispose the foetus to defective neuronal migration,
myelination and glial differentiaion which are key features
of brain central nervous system development [4, 5]. This
is the underlying cause of cretinism in severe cases and
neurocognitive and psychomotor deficits. Hence, whole
generations will be at risk of chronic thyroid, metabolic
and mental diseases, leading to low socio-economic prod-
uctivity in areas without sustained adequate nutrition [2].

There is a trend towards the re-emergence of iodine
deficiency in iodine-replete countries such as the USA,
the UK, New Zealand and Australia [6-9]. This has par-
tially been attributed to inadequate use of iodized salt
and voluntary instead of universal iodisation of salt used
in commercial and household food production. As a re-
sult, the median urine iodine concentration (UIC) in the
USA declined from 320pg/l to 144 pg/l between 1971
and 2010 while pregnancy median UIC fell from 153 pg/
| between 2001 and 2006 to insufficient levels <150 pg/l
between 2007 and 2010 [6-8]. Data from a survey of 21
European countries in 2014 revealed that despite the
iodine status of some countries being adequate across all
age groups, 13/21 countries had inadequate iodine in-
take during pregnancy due to poor access to iodized
foodstuffs and inadequate of monitoring of iodine nutri-
tion status [9].
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lodine deficiency is widespread in Africa such that
without iodine supplementation, almost 90% of the
population will be at risk of iodine deficiency [10-12].
This is mainly due to iodine-deficient soils and goitro-
gens of which the most significant being poorly detoxi-
fied cassava which is rich in thiocyanate [13].

By early 1996, iodine deficiency disorder control pro-
grammes using iodised salt as the long-term strategy
had been initiated in almost all of the 50 countries in Af-
rica where WHO estimated that iodine deficiency dis-
order was of public health significance. As a result, more
than 50% of the salt consumed in Africa was iodised
[14]. Although universal iodisation of salt is the main
source of dietary iodine in most African countries, other
major sources of dietary iodine in some African coun-
tries include groundwater in Somalia and Dijibouti and
bouillon cubes and canned and processed foods such as
in Senegal and Ghana [1, 15-18].

By 2017, 85% of the African countries had achieved
sufficient iodine nutrition in the general population [19].
However, only four of the eleven African countries that
had median pregnancy UIC survey data (South Africa,
Tanzania, Sierra Leone and Ghana) had adequate iodine
intake during pregnancy; five (Burkina Faso, Egypt,
Niger, Morocco, and Senegal) had insufficient intake
during pregnancy, while Djibouti and Liberia had more
than enough iodine intake during pregnancy.

Since about 90% of dietary iodine intake is excreted in
the urine, the World Health Organization (WHO) rec-
ommended that urinary iodine concentration (UIC) is a
good marker of recent iodine intake. Hence, median
UIC has been used to map out populations at increased
risk of thyroid disorders due to iodine deficiency [20].
The median school-age children (SAC) UIC is com-
monly used to estimate the iodine nutrition status of the
most population, but this may underestimate the degree
of iodine deficiency in pregnancy due to differing dietary
habits of SAC and pregnant women, in addition to spe-
cific physiological changes of pregnancy [9, 21, 22].

During pregnancy, the urinary iodine excretion in-
creases by about 30-50% secondary to the increased
blood wvolume, hyperdynamic state and the increased
renal blood flow and glomerular filtration [23, 24]. Fur-
thermore, serum iodide concentration is progressively
reduced in the second and third trimesters by increased
trans-placental transfer to the growing foetus which be-
gins production of thyroid hormones from about 20
weeks' gestation [25]. In addition, there is extra iodine
demand due to the physiological increase in maternal
thyroid hormone output. This is as a result of the
oestrogen mediated increase in thyroid-binding globulin
that progressively decreases the free T4 in the serum,
transfer of iodine to the foetus and increased renal iod-
ine clearance [26]. Therefore, women with mild-to-
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moderate iodine deficiency may develop severe iodine
deficiency in pregnancy with resultant subclinical
hypothyroidism (SCH), overt hypothyroidism (OH) or
isolated T4 deficiency with resultant maternal and off-
spring short term and long-term complications [25-27].

Hence, the WHO recommends that the average iodine
intake to maintain normal thyroid clearance and cater
for renal losses in pregnancy should be at least 200 pg
daily for pregnant women compared to 100-150 pg per
day for non-pregnant women [1]. Among pregnant
women, a median UIC <150, 150-249, 250-499 and >
500 pg is considered an estimate of, respectively, insuffi-
cient, adequate, more than adequate and excessive iod-
ine nutritional status [28].

However, there is a paucity of data on the magnitude
of iodine deficiency among pregnant women on the con-
tinent of Africa [29] and around the globe [19]. We in-
tend to conduct a systematic review and meta-analysis
of observational studies carried out to establish the trend
in the state of iodine nutriion among pregnant women
in Africa following the implementation of national
iodization programmes.

Rationale

Although much gain in access to iodised salt has been
achieved in most African countries since the early 1990s,
of recent, the implementation of universal salt
iodization, the major method of iodine supplementation,
seems to be slowing down [7]. Due to challenges with
monitoring [30], it is not clear if iodine deficiency may
be re-emerging in African countries as in industrialised
nations. Like elsewhere around the globe, women in re-
productive age, pregnant women and their children will
be the most affected, yet the degree of iodine deficiency
in pregnancy in Africa is not well documented.

Although the most recent lodine Global Network (IGN)
data suggests that 85% of the African countries have suffi-
cient iodine nutrition in the general population [19],
further evaluation of these statistics using the method de-
scribed by De Benoist et al [30] reveals that 30% of these
countries have more than > 50% of the general population
with a median UIC < 100 pg/L. This implies a high risk of
insufficient iodine intake at the inception of pregnancy
among women in reproductive age given that adequate
iodine nutrition status in pregnancy is defined by median
UIC of 150-249 pg/L [1]. It is recommended that preg-
nant and lactating women, who make up the most vulner-
able portion of the general population, should be
considered for supplementation with iodine until the
population-based iodization programme is scaled up. Not
only is it necessary to achieve sufficient iodine nutrition
status, but it is also equally important to sustain adequate
iodine nutrition status of the entire population especially
the most vulnerable portions. Hence, the impact of
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iodization should be monitored at a regional or national
level at least every 5 years.

Objectives

The aim of this systematic review and meta-analysis is
to ascertain the trend in the prevalence of insufficient
iodine nutrition status (median UIC <150 pg/L) among
pregnant women in Africa following the implementation
of national iodization programmes and to establish if
this has had a sustainable positive impact on the iodine
nutrition status of pregnant women in Africa.

Review questions
The purpose of this review is to address the following
questions:

1. What was the prevalence of insufficient iodine
intake (UIC <150 pug/L) among pregnant women on
the various African countries before the
implementation of national iodine deficiency
disorder control programmes?

2. How has the iodine nutrition status during
pregnancy changed in the various African countries
following the implementation of national iodine
deficiency disorder control programmes between
1994 and 31 December 20187

3. What was the iodine nutrition status of pregnant
women in various African countries between 2005
(the year designated by the WHO for the
elimination of iodine deficiency through national
indisation programmes [1]) and 20187

Methods
Eligibility criteria
Inclusion criteria
The selection of studies for inclusion in the review will
be guided by the Population, Intervention/exposure,
Comparison and Outcome protocol as stipulated below.
The population comprises of pregnant women on the
African continent, the exposure is the period during the
implementation of iodine deficiency disorder control pro-
grammes from 1994 to 2018, and the comparison is the
period before the implementation of iodine deficiency dis-
order control programmes in 1994, The outcome is the
iodine nutrition status during pregnancy in Africa
Cross-sectional, case-control and cohort studies con-
ducted on iodine deficiency among pregnant women in
Africa with data available on mean or median urine iod-
ine concentration will be included in this systematic re-
view. The iodine nutrition status will be defined
according to the WHO/ICCIDD classification of iodine
intake of populations using median urinary iodine con-
centration [1]. All studies reported in the English,
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French or Portuguese languages and conducted on hu-
man subjects will be considered.

Exclusion criteria

Studies with the following characteristics will be ex-
cluded: studies conducted among populations of African
origin but residing outside Africa, studies lacking preva-
lence rates and with the absence of data to compute
them, case series with small sample sizes (sample less
than 30 participants), and studies not performed in hu-
man participants or published in languages other than
English, French and Portuguese.

Source of information

The methods of this systematic review are reported in
accordance with the Preferred Reporting Items for Sys-
tematic reviews and Meta-Analysis protocols (PRISMA-
P) 2015 Guidelines [31] (Additional file 1: Table 51).

Search strategy for study identification

Electronic searches

We will search PubMed-MEDLINE, Google Scholar,
SCOPUS, 18I Web of Science (Science Citation Index),
Africa Wide Information, African Index Medicus (AIM)
and AFROLIB databases for published studies on iodine
deficiency in pregnancy in Africa up to 31 December
2018. This search shall be conducted using a predefined
comprehensive and sensitive search strategy combining
relevant terms with names of countries in Africa, to
obtain the maximum possible number of studies. This
search will be guided by the African search filter, which
has been reported to have good sensitivity (and im-
proved precision) of 74% (1.3-9.4%) and 73% (5-28%)
for MEDLINE and EMBASE, respectively [32]. This
search filter includes names of each African country and
shortened terms to capture studies from regions. Coun-
tries with official names in a language other than English
will also be entered in the official form, and for countries
that have changed names over time, both names shall be
included in the search. Table 1 depicts the main search
strategy to be employed. We will search reference lists of
relevant citations for articles of interest.

Grey literature

We will search for national ministries of health, inter-
national organisations such as the WHO, UNICEF,
ICCIDD and IGN, other non-government organisations’
reports, conference and workshop proceedings using
Google Scholar search engine and major relevant web-
sites such as WHO African Index Medicus and African
Journals Online (AJOL). Key experts in the field will be
contacted for any unpublished study.
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Table 1 Search strategy for MEDLINE and adaptability to
regional databases

Search Search items Hits

1 indine deficiency [tw] OR iodine insufficiency [tw] OR
insufficient iodine intake [tw] OR insuffidency iodine
nutrition [tw] OR iodine

2 urine iodine excretion [twl OR urine iodine concentration
[tw] OR urinary iodine excretion [tw] OR urinary iodine
concentration [tw] OR urine iodine

3 Pregnancy [tw] OR Pregnant women [tw] OR expectant

maothers [tw] first timester [tw] [tw] OR second trimester
[tw] third trimester [tw]

4 #1 AND #3
5 #2 AND #3
[ African fileer({({(Angolaftw] OR Benin[tw] OR Botswana(tw)

OR *Burkina Faso'[tw] OR Burundiftw] OR

Cameroon[tw] OR “Cape verdeTtw] OR “‘Central African
Republic Trw] OR Chadtw] OR Comormosftw] OR
Congoltw] OR “Democratic Republic of CongoTrw) OR
Dyiboutiftw) OR “Equatorial Guinea®[tw] OR Eritrealtw]
OR Ethiopia[tw] OR Gabon[tw] OR Gambia[tw] OR
Ghanaltw] OR Guineaftw] OR *Guinea Bissau'[tw] OR
“Ivory Coast™[twl OR “Cote d'hvaire®[tw] OR Kenyaltw]

OR Lesotho[tw] OR Liberiaftw] OR Madagascar[tw] OR
Malawiltw] OR Maliftw] OR Mauritanialtw] OR Mauritius[tw]
OR Mozambigueftw] OR Namibialtw] OR Niger

[tw] OR Nigeriaftw] OR Principeftw] OR Reunion[tw] OR
Rwanda(tw] OR “5a0 Tome”[twl OR Senegalftw] OR
Seychelles[tw] OR “Sierra Leonetw] OR Somalialtw]

OR *South Africa”[tw] OR Sudan[tw] OR Swaziland[tw]
OR Tarzania[tw] OR Togoltw] OR Uganda[tw] OR
“Westemn Sahara’Tow] OR Zambialtw] OR Zimbabweltw)
OR "Central Africa”[tw] OR “Central African”[tw] OR “West
Africa’Ttw] OR “West African”[tw] OR “Westem

Africa’Ttw] OR “Western African’[tw] OR “East Africa‘ftw]
OR *East African”ftw] OR “Eastern Africatw] OR

“Eastern African’[tw] OR *South Africantw] OR “Southem
Africa’Ttw] OR “Southem African®[tw] OR *sub

Saharan Africa’[tw] OR *sub Saharan African[tw] OR
*subSahamn AfricaTTtw] OR “subSaharan African”[tw)
NOT *guinea pig” [tw] NOT “guinea pigs™ [tw] NOT
“aspergillus niger” [twll)))

7 #4 AND # 6 Limits: 01/01/1990 to 31/12/2018 in English,
French, and Portuguese on humans
8 # 5 AND # 6 Limits: 0109/1920 to 31/12/2018 in English,

French, and Portuguese on humans

Study records

Data management

All identified entries will be entered into endnote soft-
ware for de-duplication of records. Prior to the screening
of studies, investigators shall create standardised ques-
tions according to the inclusion criteria which will then
be pre-tested on a sample of eligible studies.

Screening

Two investigators will independently select studies that
meet inclusion criteria. Citations and abstracts will be
screened for pessible inclusion, and duplicate citations
will be excluded. Titles and abstracts will then be
screened following inclusion criteria described above,
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Table 2 Risk of bias assessment tool

Risk of bias item Yes=1
No=0
Extemal validity
1 Was the study target population a close
representation of the national population
in relation to relevant variables?
2 Was the sampling frame a true or close
representation of the target population?
3 Was some form of mndom selection used
o select the sample OR, was a census
under@aken?
4 Was the likelihood of non-participation
bias minimal?
Intemal validity
5 Were data collected directly from the
participants {as opposed to medical
records)?
& Were acceptable case definitions of
iodine deficdiency in pregnancy used?
7 Were reliable and accepted diagnostic
methods for iodine intake utilised?
8 Was the same mode of data collection
used for all participarts?
9 Were the numemtor(s) and denominator(s)
for the calculation of the iodine intake
appropriate?
Summary of the  Low risk 0-3
overall sk of bizs Intermediate risk 4-6
High risk 7-9

following which the full texts of potentially eligible arti-
cles will be obtained. These full texts will be screened
using a standardised and pre-tested form to include eli-
gible studies. Disagreements will be resolved by consen-
sus or consultation of a third author. Corresponding
authors of potentially eligible studies that did not report
data that are relevant to our study analysis will be con-
tacted. Reasons for exclusion of non-eligible studies will
be documented. The whole selection process will be
summarised in a flow chart.

Data extraction

Two investigators will independently extract data from
included studies, using a standardised and pre-tested data
extraction form. Any inconsistencies or disagreement shall
be resolved by consensus or consultation with the third
investigator.

Data items

Data will include the geographic region and country
where study was conducted, the year study was carried
out and year of publication, the language of publication,
demographic characteristics of participants (such as mean
age), study design, setting (rural or urban, health-facility
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or community-based), sample size, and the criteria used
for determination of the iodine intake. The median (25th—
75th percentiles) and or mean (standard deviation) UIC
will be recorded.

Assessment of methodological quality and risk of bias
Two reviewers will independently score the quality of in-
cluded studies. The STROBE checklist [33] will be used
to evaluate reporting methodology in each paper while
risk of bias in individual studies will be assessed using
the risk of bias tool for prevalence studies [34] (Table 2)
and the Cochrane guidelines available in Review Man-
ager V.5.3 (http://tech.cochrane.org/revman).
Discrepancies will be resolved by consensus or by
consulting the third investigator. Inter-rater agreement on
screening, data abstraction and methodological quality will
be assessed using Cohen’s k coefficient [35]. We intend to
present the risk of bias and quality scores in a table.

Data synthesis, analysis and assessment of heterogeneity
Prevalence data will be summarised by country and
country-specific geographic regions where applicable
(Table 3). For studies with sufficient data, meta-analysis
using random effects models will be conducted overall,
that is, across all possible eligible studies. In addition, we
will conduct subgroup analysis according to major
study-level characteristics such as by country, regions
within Africa (as defined by the United Nations); the
time period of data collection: before 2005 and after
2005 (the target year for elimination of iodine deficiency
through national iodization programmes); the period de-
fined as before and after the implementation of national
iodization programmes; and the sample size (below vs.
at or above median sample size across included studies)
and by age group (below vs. at or above median mean
age across included studies). Other criteria for subgroup
analyses will include urinary iodine assessment methods
and study design. Data will be presented as forest plots
showing estimates of mean UIC in pregnancy. For data
unsuitable for meta-analysis, we will provide a narrative
description of major study characteristics and trends
over time.

Study-specific estimates will be pooled after stabilising
the variance of individual studies with the use of
Freeman-Tukey double arc-sine transformation [36].
This transformation will help reduce the effect of
extremely high or extremely low prevalence rates on the
pooled estimate. Heterogeneity will be evaluated by the
Cochrane's Q statistic and I°. I* values of 25%, 50% and
75% will respectively be deemed to represent low,
medium and high heterogeneity, respectively. Funnel
plots together with the Egger test of bias will be used to
investigate the publication bias [37].
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Table 3 Data synthesis template
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First Country Setting/geographical Study
author, year language fegion design,
period

Population
characteristics

Sample size- Diagnostic criteria | Magnitude of

iodine intake

Sensitivity analysis

Subgroup analysis using the variables mentioned above
and further analysis according to the quality of the stud-
ies will be carried out in order to identify possible
sources of the heterogeneity. If subgroup differences are
identified, they will be described, and the data will be
interpreted in light of these differences.

The Duval and Tweedie trim-and-fill will be used to
adjust estimates for the effects of potential publication
bias. Data analyses will use the ‘meta’ package of the
statistical software R (version 3.3.3 [2017-03-06], The R
Foundation for statistical computing, Vienna, Austria),
and the ‘meta’ package.

Reporting of this review

The proposed systematic review will be reported follow-
ing the PRISMA guidelines [38]. We intend to publish a
PRISMA checklist alongside the final report.

Potential amendments

We do not intend to make any amendments to the
protocol, to avoid the possibility of outcome reporting
bias. However, any amendments that do prove necessary
will be documented and reflected online on the PROS-
PERO website where the protocol has been registered
[PROSPERO CRD42018099434].

Discussion

The degree of iodine nutrition during pregnancy all over
the African continent following the implementation of
USI and other methods of iodization is not known with
certainty. It is not certain whether the trend towards the
re-emergence of iodine deficiency among pregnant
women in several developed countries around the world
is also affecting pregnant women in Africa. A high
prevalence of iodine deficiency among pregnant women
in Africa would imply an enormous but probably unrec-
ognised predisposition to iodine deficiency disorders af-
fecting not only pregnant women but also lactating

mothers and their offspring. The association of iodine
deficiency in pregnancy with various adverse pregnancy
outcomes and chronic neurocognitive, psychomotor thy-
roid and cardiovascular diseases among mothers and
their offspring requires concerted attention. This review
seeks to address the knowledge gap on the magnitude of
insufficient iodine intake among pregnant women on the
African continent. The data will help shed light on the
magnitude of iodine deficiency in pregnancy in Africa
which can help inform policy makers on the degree and
desirable methods for intervention and the appropriate
frequency of monitoring of iodine nutrition status in
pregnancy.

Possible limitations of this study would include a pre-
dominance of poor quality studies and significant het-
erogeneity of studies precluding further analysis.

Additional file

[Addﬂional file 1: Table 51. PREMA-P 2015 checklist (DOCOX 30 kb) ]
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Insufficient iodine nutrition status and
the risk of pre-eclampsia: a protocol for
systematic review and meta-analysis
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ABSTRACT

Introduction Pre-eclampsia is one of the leading

causes of maternal and perinatal morbidity and mortality
worldwide. Although subclinical hypothyroidism (SCH) in
pregnancy is one of the established risk factors for pre-
eclampsia, the link between iodine deficiency, the main
cause of hypothyroidism and pre-eclampsia remains
uncertain. About two billion people live in areas with

iodine insufficiency. The increased renal blood flow during
pregnancy leading to increased renal iodine clearance
together with the increased placental transfer of iodine to
the fetus leads to further iodine deficiency in pregnancy.
lodine is one of the most potent exogenous antioxidants
whose deficiency is associated with oxidant imbalance and
endothelial dysfunction, one of the mechanisms associated
with increased risk of pre-eclampsia.

Methods and analysis A systematic search of published
literature will be conducted for case—control studies that
directly determined the iodine nutrition status of women
with pre-eclampsia and appropriate normotensive controls.
A similar search will be conducted for cohort studies in
which the incidence of pre-eclampsia among pregnant
women with adequate and inadequate iodine nutrition
status was reported. Databases including MEDLINE,
EMBASE, Google Scholar, SCOPUS and Africa Wide
Information will be searched up to 31 December 2018.
Screening of identified articles and data extraction will

be conducted independently by two investigators. Risk

of bias of the included studies will be assessed using

a Newcastle-Ottawa Scale. Appropriate meta-analytic
techniques will be used to pool prevalence and incidence
rates, odds and relative risk of pre-eclampsia from studies
with similar features, overall and by geographical regions.
Heterogeneity of the estimates across studies will be
assessed and quantified and publication bias investigated.
This protocol is reported according to Preferred Reporting
ltems for Systematic Reviews and Meta-Analysis protocols
(PRISMA-P) 2015 guidelines.

Ethics and dissemination Since the proposed study will
use published data, there is no requirement for ethical
approval. This review seeks to identify the risk of pre-
eclampsia associated with insufficient iodine nutrition in
pregnancy. This will help to ascertain whether insufficient
iodine intake may be an independent risk factor for
pre-eclampsia. This will advise policy makers on the
possibility of maximising iodine nutrition in pregnancy and
reproductive age as one of the remedies for prevention of
pre-eclampsia among populations at risk of inadequate

Strengths and limitations

» To our knowledge, this is the first systematic review
and meta-analysis that is aimed at ascertaining the
relationship between insufficient iodine nutrition
status and pre-eclampsia.

» This review may however be limited by the small
number of eligible studies and small sample sizes
that may make it liable to a considerable degree of
heterogeneity.

» The eligible studies may have varied research de-
signs that may potentially preclude the pooling of
the test results.

iodine intake. This review is part of the thesis that will

be submitted for the award of a PhD in Medicine to the
Faculty of Health Sciences of the University of Cape Town.
In addition the results will be published in a peer-reviewed
journal.

PROSPERO registration number CRD42018099427.

INTRODUCTION
Pre-eclampsia is one of the leading causes
of maternal and perinatal morbidity and
mortality worldwide." Although the actual
cause of pre-eclampsia remains unknown,
the risk factors of pre-eclampsia are multifac-
torial.**Subclinical hypothyroidism (SCH)
in pregnancy is one of the established risk
factors for pre—eclam[:;sia."’_F Given that iodine
deficiency is the leading cause of hypothy-
rc:il:lis.rn,8 9 jodine deficiency could be an
independent risk factor of pre-eclampsia
especially in settings with endemic iodine
deficiency. Although some studies have
reported an association between iodine nutri-
tion status and pre—eclampsia,m it is not yet
certain whether this association is consistent
across different settings around the world.
The WHO estimates that about two billion
people live in areas with iodine insufficiency. 12
In addition, iodine deficiency is on the rise
in areas originally thought to be iodine suffi-
cient.” This is due to inadequate iodisation

BM)
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in the background of increased amount of perchlorate
and thiocyanate in water sources and the diet."*® Both
perchlorate and thiocyanate significantly diminish the
uptake of iodine by the thyroid gland especially in states
of increased thyroid stimulation by thyroid stimulating
hormone (TSH) secondary to iodine deficiency.'” '

Rationale

lodine deficiency has been shown to be associated with
defective trophoblast proliferation and migration, which
are some of the mechanisms proposed in the aetiology
of pre—eclampsia.“ % The placenta is a highly metabolic
organ with potential for production of reactive oxygen
species. It is also one of the organs with high physiolog-
ical concentrations of iodine whose antioxidant effect
reduces lipid peroxide formation and may ensure normal
placentation and function.'*!

During pregnancy, there is increased renal perfu-
sion with increased iodine filtration and urinary iodine
excretion in addition to increased transfer of iodine to
the fetus.” Hence women with inadequate iodine intake
are at risk of developing iodine deficiency in pregnancy
and possibly at increased risk of developinfg subclinical or
overt hypothyroidism and prve—en:lampsia.2 -

Furthermore, the elevation in serum TSH that occurs
in overt or SCH, is associated with hyperstimulation of the
thyroid gland excessive superoxide production among
individuals with iodine deficiency, which when released
into the circulation, causes endothelial dysfunction and
atherosclerosis.” * These are known pathological path-
ways of pre—eclampsia.m—'

Objectives

This systematic review and meta-analysis is intended to
ascertain whether insufficient iodine nutrition status is
associated with increased risk of pre-eclampsia.

Review questions

The purpose of this review is to address the following

questions:

1. Do pregnant women with insufficient iodine nutrition
status have an increased risk of pre-eclampsia com-
pared with pregnant women with adequate iodine nu-
trition status?

2. Is there a difference in the urinary iodine concentra-
tion (UIC) of pregnant women with pre-eclampsia ver-
sus that of normotensive pregnant women?

METHODS

This protocol is developed following the Preferred
Reporting Items for Systematic reviews and Meta-Analysis
protocols (PRISMA-P) 2015 Guidelines.”’

Eligibility criteria

Inclusion criteria

The selection of studies for inclusion in the review will
be guided by the Population, Intervention/exposure,
Comparison and Outcome protocol as stipulated below:

1. Population: pregnant women.

2. Exposure: the exposure is insufficient iodine nutrition
status during pregnancy for both case—control and co-
hort studies. In this systematic review this will be de-
fined according to the WHO/International Council for
Control of lodine Deficiency Disorders (ICCIDD) clas-
sification of iodine intake of populations using median
UIC.” For pregnant women, a urine iodine concen-
tration (UIC) <150, 150-249, 250-499 and >500pg/L
is considered an estimate of, respectively, insufficient,
adequate, more than adequate and excessive iodine
nutritional status.

3. Comparator: for both case—control and cohort studies
the comparator will be the participants with sufficient
iodine nutrition status (UIC >150pg/L) during preg-
nancy.

4. Outcome: the outcome is the prevalence (for case—

control studies) and the incidence (for cohort studies)
of pre-eclampsia among women with and without ade-
quate iodine nutrition status in pregnancy from which
the ORs will be determined.
Pre-eclampsia has been defined as new onset hyper-
tension after 20 weeks of amenorrhoea characterised
by elevated systolic blood pressure of 140mm Hg or
diastolic blood pressure of 90 mm Hg or more or both,
measured twice with a gap of 4 hour or one measure-
ment of systolic blood pressure of z160mm Hg or
diastolic blood pressure of =110mm Hg or both ac-
companied by one of the following: proteinuria in 24
hoururine 2300 mg or protein/creatinine ratio 20.3 or
urine protein measured by dipstick =1+; or thrombocy-
topenia (platelets less than 150 000,/pL), kidney insuf-
ficiency (concentration of creatinine in serum above
97 pmol/L), decreased liver function (enzyme activi-
ty of Aspartate Aminotransferase (AST) and Alanine
Aminotransterase (ALT) twice higher than the upper
limit of the referential interval), compromised pulmo-
nary function or pulmonary oedema or visual or other
symptoms and signs of deficient cerebral function.”
There may be considerable heterogeneity if pre-ec-
lampsia has been variably defined in different studies
that are eligible for inclusion in the current systematic
review.

Exclusion criteria

» Studies in which none of the following parameters
was computed: means, medians, ORs, incidence and
prevalence rates and with absence of data to compute
them.

» Eligible studies that are missing some critical data
where after repeated attempts to contact an author via
email for relevant information, no response is gotten.

» Letters to editors, reviews, commentaries, editorials
and any publication without primary data.

» Duplicate publications from the same study. For
studies published in more than one journal/confer-
ence, the most recent and comprehensive publication
will be used.

2
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Table 1 Search strategy for MEDLINE

Population: Pregnant women with Pre-eclampsia
#1 MeSH terms Pregnant Women [Mesh] OR
Pregnancy [Mesh] OR Pregnancy
Trimesters [Mesh]

Pregnancy OR Pregnant women
OR expectant mothers

#2 Free text

#3 #1 OR #2

#4 MeSH terms Pre-Eclampsia [Mesh]
OR Eclampsia [Mesh] OR

Hypertension [Mesh]

Preeclampsia OR Pre-eclampsia

OR Eclampsia OR Hypertension
OR Hypertensive OR High blood

pressure

#5 Free text

#6 #4 OR #5
Exposure: lodine deficiency
#7 MeSH terms lodine [Mesh]
#8 Free text lodine
#9 #7 OR #8
#10  #3 AND #6 AND #9

» Studies not performed in human participants.
» No language restriction will be applied.

Patient and public involvement
The public or patients were not involved in the develop-
ment of this protocol.

Search strategy for study identification
Electronic searches
We will search PubMed MEDLINE, Google Scholar,
SCOPUS, ISI Web of Science (Science Citation Index)
databases for all published studies on iodine deficiency
and pre-eclampsia up to 31 December 2018. This search
shall be conducted using a predefined comprehensive
and sensitive search strategy combining relevant terms
and synonyms which are variably used to denote abnor-
mally high blood pressure in pregnancy and insufficient
iodine intake or iodine deficiency. Table 1 depicts the
main search strategy to be employed for MEDLINE data-
base that will also be adapted for searches in other elec-
tronic databases.

We will search reference lists of relevant citations for
articles of interest.

Grey literature

We will contact experts in the field, research organisa-
tions, conference websites and conference proceedings
that dealt with micronutrient deficiency and pre-ec-
lampsia, for any relevant data.

Study records

Data management

We will use an appropriate citation management software
to remove duplicates from the references articles that

will have been gathered. Prior to screening of studies, we
will create a set of standardised questions according to
the inclusion criteria which will then be pretested on a
sample of eligible studies.

Screening

Two investigators will independently select studies that
meet inclusion criteria. Citations and abstracts will be
screened for possible inclusion, and duplicate citations
will be excluded. Titles and abstracts will then be screened
following inclusion criteria described above, following
which the full texts of potentially eligible articles will be
obtained. These full texts will be screened using a stan-
dardised and pretested form to include eligible studies.
Disagreements will be resolved by consensus, with consul-
tation of a third author (when resolution cannot be
achieved). Corresponding authors of potentially eligible
studies that did not report data that are relevant to our
study analysis will be contacted. Reasons for exclusion
of non-eligible studies will be documented. The whole
review process will be summarised in a flowchart.

Data extraction

Two investigators will independently extract data from
included studies, using a standardised and pretested data
extraction form. Any inconsistencies or disagreement
shall be resolved by consensus or consultation with the
third investigator.

Data items

Data will include the geographic region and country
where study was conducted, the year study was carried
out and year of publication, the language of publica-
tion, demographic characteristics of participants, time
of measurement of exposure (such as first, second or
third trimester of pregnancy or preconception), study
design, setting (rural or urban, health-facility or commu-
nity-based), sample size and the criteria used for deter-
mination of the iodine intake. For crosssectional and
case—control studies, the median (25th-75th percentiles)
and or mean (SD) UIC will be extracted. The overall
mean UIC for cases and controls together with the mean
UIC difference will be determined. The proportions of
women with insufficient iodine nutrition among cases
and controls will be extracted or determined based on the
standard definition by WHO and the ICCIDD. Then the
odds or data required to compute the odds of insufficient
iodine nutrition among the cases will be extracted. Where
applicable adjusted ORs will be extracted or computed
so account for traditional risk factors for pre-eclampsia
such as obesity, primigravida, advanced maternal age or
diabetes. For cohort studies, the incidence rates and rela-
tive risk of pre-eclampsia according to baseline status for
iodine nutrition will be extracted.

Assessment of methodological quality and risk of bias

Two reviewers will independently score the quality of
included studies. The risk of bias in individual studies will
be assessed using the Newcastle-Ottawa scale™ and the

Businge CB, ef al. BMJ Open 2019;9:2025573. doi:10.1136/bmjopen-2018-025573
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Cochrane guidelines available in Review Manager V.5.3
(http://tech.cochrane.org/revman). Discrepancies will
be resolved by consensus or by consulting the third inves-
tigator. Inter-rater agreement on screening, data abstrac-
tion and methodological quality (selection, comparability
of groups and ascertainment of exposure/outcome) will
be assessed using Cohen’s ¥ coefficient.”!

Data synthesis, analysis and assessment of heterogeneity

For data unsuitable for meta-analysis, we will provide a
narrative description of major study characteristics and
findings. For outcomes of interest consistently reported
across studies, random effects model meta-analyses
will be used to pool estimates across those studies.” In
process, the Freeman-Tukey double Arcsine and square-
root transformation will be applied, respectively, to
stabilise the variances of prevalence and incidence rates
prior to meta-analysis, and estimates back-transformed
for reporting. The degree of heterogeneity across
studies will be assessed using the Cochrane Q statistic
and inconsistency index (I?) statistic and will be classi-
fied res;pecli\-‘ely as low: I? «<25%: moderate: 25%-50%:
high: I* >50%).” For studies with high heterogeneity
subgroup and metaregression analyses will be performed
to investigate the sources of heterogeneity. The following
grouping variables will be used where appropriate: time
of measurement of exposure (first, second or third
trimester), study setting (rural vs urban, health-facility
vs community based), geographical region (continental
and or endemicity of iodine deficiency), high income
versus low or middle-income status, and study quality.
The Begg test and Egger funnel plot will be used to check
for the publication bias.* ¥

Sensitivity analysis

Sensitivity analysis will be carried out to check the effect
of every study on pooled estimates by removing one study
at a time and assessing the effect on pooled estimates and
heterogeneity statistics. The Duval and Tweedie trim-and-
fill will be used to adjust estimates for the effects of poten-
tial publication bias. Data analyses will use the ‘meta’
package of the statistical software R (V.3.3.3 [2017-03-
06], The R Foundation for statistical computing, Vienna,
Austria), and the ‘meta’ package.

Confidence in cumulative evidence

We will assess the strength of evidence provided by studies
included in the review, using the Grading of Recom-
mendations Assessment, Development and Evaluation
approach. This assessment of the quality of evidence
would include risk of bias, consistency and publication
bias. Studies in which further research is unlikely to
change effect estimates, or likely to have a considerable
impact on effect estimates, or capable of changing the
effect estimates, or those in which there is uncertainty in
effect estimates, will be respectively described as ‘high’,
‘moderate’, ‘low’ or ‘very low’ qualities.

Reporting of this review

The proposed systematic review will be reported following
the PRISMA guidelines.” We intend to publish a PRISMA
checklist alongside the final report.

Potential amendments

We do not intend to make any amendments to the
protocol, to avoid the possibility of outcome reporting
bias. However, any amendments that do prove necessary
will be documented and reported transparently.

CONCLUSION

Iodine deficiency whose degree is exacerbated by preg-
nancy has recently been associated with oxidative imbal-
ance and endothelial dysfunction which are some of the
pathophysiological mechanisms that precede the clinical
manifestation of pre-eclampsia. Although iodine defi-
ciency is the the most common cause of hypothyroidism,
one of the established risk factors of pre-eclampsia, the
association between iodine deficiency in pregnancy and
pre-eclampsia is still uncertain. This review aims to deci-
pher if iodine deficiency in pregnancy, which can be
corrected through supplementation, increases the risk of
pre-eclampsia in various settings worldwide.

Possible limitations of this study would include very
few studies with small sample sizes and uncertain quality
that may generate significant heterogeneity precluding
further analysis.

Ethics and dissemination

The current study is based on published data, and hence
does not require ethical approval. This review is part of
the thesis that will be submitted for the award of a PhD
in Medicine to the Faculty of Health Sciences of the
University of Cape Town. The final report of this review
in the form of a scientific paper will be published in a
peer-reviewed journal. Findings will also be presented at
conferences and submitted to relevant health and policy
authorities. We also plan to update the review in the
future to monitor any progressive changes on the subject.
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