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Abstract
Background/Objectives: Iodine is essential for foetal neurodevelopment and growth. Requirements increase in pregnancy to support increased thyroid hormone synthesis for maternal and foetal requirements, and for foetal transfer. Iodine deficiency in pregnancy is widely reported, and obesity has been associated with sub-optimal thyroid function. We evaluated iodine status and its relation with birthweight in a secondary analysis of pregnant women with obesity from multi-ethnic inner-city settings who participated in the UK Pregnancies Better Eating and Activity trial (UPBEAT).
Subjects/Methods: Iodine and creatinine concentrations were evaluated in spot urine samples in the second (15+0-18+6 weeks, n=954) trimester of pregnancy. We assessed iodine status as urinary iodine concentration (UIC) and urinary iodine-to-creatinine ratio (UI/Cr) and applied WHO/UNICEF/IGN population threshold of median UIC >150µg/L for iodine sufficiency. Relationships between iodine status and birthweight were determined using linear and logistic regression with appropriate adjustment, including for maternal BMI and gestational age.
Results: Median (IQR) UIC and UI/Cr in the second trimester of pregnancy was 147µg/L (99-257) and 97µg/L (59-165), respectively. An UI/Cr 150μg/g was observed in 70% of women. Compared to women with UI/Cr >150 µg/g, there was a trend for women with UI/Cr <150 µg/g to deliver infants with a lower birthweight (β= -60.0 g; 95% CI -120.9 to -1.01, P=0.05).
Conclusions: Iodine status of pregnant women with obesity from this cohort of UK women was suboptimal. Lower iodine status was associated with lower birthweight.

Introduction
Maternal iodine requirements are higher in early pregnancy due to an increase in thyroid hormone synthesis, thyroid hormone transfer and iodine supply to the foetus, and in order to meet the increase in renal iodine clearance.1 The UK Reference Nutrient Intake (RNI) for iodine in adults is 140μg/day, with no incremental increase during pregnancy. However, the World Health Organization (WHO), the United Nations Children’s Fund (UNICEF) and the Iodine Global Network (IGN, formerly the ICCIDD, Iodine Council for the Control of Iodine Deficiency Disorders) recommend 250μg/day during pregnancy.2 

As the foetus is dependent on thyroid hormones and a supply of iodine from the maternal circulation, an adequate iodine status during pregnancy is critical. Severe iodine deficiency can result in cretinism3 and mild to moderate deficiency before or during pregnancy can have an adverse effect on child neurodevelopment.4–7 Thyroid hormones play a central role in the developmental cycle including growth and development of the skeleton and peripheral tissues, and are linked to the actions of growth hormone and the insulin-like growth factors
(IGFs).8,9 There are reports that iodine insufficiency may affect foetal growth, however with little conformity between studies.10–17

[bookmark: _Hlk8721245]Over 90% of dietary iodine is excreted in the urine and urinary iodine concentration (UIC) is a reliable indicator of recent iodine intake.18 A concentration lower than 150 g/L is indicative of inadequate iodine status in a pregnant population according to WHO/UNICEF/IGN.2 The main sources of iodine for the UK adults are dairy products19 and the population is considered iodine sufficient,20 although using the WHO cut-off, evidence from across the UK and Northern Ireland suggests a risk of insufficiency in pregnancy.10,14,21–23 These findings are consistent with evidence from several other European countries demonstrating iodine insufficiency in pregnancy.24–29
In line with the rising global prevalence of obesity, increasing numbers of women with obesity in the UK are presenting for antenatal care.30 In a recent meta-analysis, obesity in non-pregnant populations was associated with an increased risk of hypothyroidism, which may itself predispose to weight gain.31 There is also some evidence that obesity is associated with a greater risk of iodine deficiency,32 however, the mechanism for this is unclear. The possible emergence of maternal iodine deficiency in Europe, together with recent UK data, highlights a need for further investigation of iodine status of UK pregnant women, including those who have obesity. To our knowledge, no previous studies have assessed iodine status in a population of pregnant women with obesity.
In this study, we assessed iodine status of pregnant women with obesity (BMI ≥30 kg/m2) by evaluation of urinary iodine and creatinine in participants from the UK Pregnancies Better Eating and Activity Trial (UPBEAT).33 We also evaluated the relationship between iodine status and birthweight.
Materials/Subjects and Methods
Study Design and Participants
This study utilised participant samples and data collected in the UPBEAT trial, the methods of which have been previously reported.34 Briefly, UPBEAT was a multicentre, randomised controlled trial of a behavioural intervention addressing diet and physical activity versus standard antenatal care in women with obesity living in eight inner-city UK locations during pregnancy. The intervention aimed to prevent gestational diabetes mellitus and reduce the incidence of large-for-gestational-age infants in 1555 women. Women randomised to the intervention group participated in a behavioural intervention of diet and physical activity advice, which aimed to reduce dietary glycaemic load and saturated fat intake while increasing physical activity and being more active in daily life. All women attended antenatal appointments according to local health care provision at their study centres. For those randomised to standard care, no additional information was provided. The intervention did not influence the primary outcomes of the incidence of gestational diabetes mellitus or large-for-gestational-age infants.33

Women over 16 years with a body mass index (BMI) ≥30kg/m2, singleton pregnancy and gestational age between 15+0 and 18+6 weeks were invited to participate. Women were excluded if they were unwilling or unable to give informed consent, if they had pre-existing diabetes, hypertension, renal disease, systemic lupus erythematous, antiphospholipid syndrome, sickle cell disease, thalassemia, celiac disease, currently prescribed metformin, or current psychosis. Women were also excluded if they had a clinical diagnosis of thyroid disease. At the first appointment, written informed consent was obtained from participating women. NHS Research Ethics Committee approval was obtained in all centres (UK IRAS integrated research application system; reference 09/H0802/5), and the UPBEAT study was registered under ISRCTN89971375.

Data and Sample Collection
Women provided spot urine samples at three study visits. For the purposes of this investigation we included all women who provided sufficient urine samples at the first study visit before allocation to treatment groups (second trimester; 15+0-18+6 weeks’ gestation, n=954). Urine was stored at -80C until analysis. Urine samples were aliquoted prior to using dipsticks to measure proteinuria.

On enrolment to the study, social, demographic, anthropometric and biochemical data were collected from all participants. Information recorded included age (years), BMI (kg/m2), gestational age (weeks), ethnicity (Black, White, Asian, other), parity (nulliparous, multiparous), smoking status (smoker, ex-smoker, non-smoker), living in a deprived area (Index of multiple deprivation; scores were calculated for the region of residence, and assessed as quintiles), prenatal or other multivitamin use and years in education. Iodine content of any multivitamins was not ascertained. Maternal anthropometric measurements collected included sum of skinfold thicknesses (mm) and mid-arm circumference (cm). A food frequency questionnaire (FFQ) collected information on the dietary intake of the participants and dietary patterns were derived using factor analysis which yielded four distinct dietary patterns; ‘Fruit and vegetables’, ‘African/Caribbean’, ‘Processed’ and ‘Snacks’, which have been previously described.35 Biochemical measures assessed from blood samples at enrolment included triglycerides, LDL cholesterol and HDL cholesterol.

Birthweight
Birthweight was recorded at delivery. Low birthweight (g) was defined as <2.5kg, small-for-gestational age (SGA) was defined as ≤10th customised birthweight centile for gestational age, adjusted for maternal height and weight, ethnic origin, parity, and sex of the baby.

Laboratory analysis
Urinary iodine concentration (UIC) was measured using the Sandell-Kolthoff reaction36 (Affinity Biomarker Labs, London, UK). The inter-assay coefficient of variation (CV) for urinary iodine was <10% and the intra-assay CV <9%. Urinary creatinine was assessed to account for differences in hydration and was measured by the ADVIA 1800 Chemistry System (Siemens, UK) using the Jaffe method.37 The intra-assay and inter-assay CVs for urinary creatinine were <3% and 4%, respectively.

Statistical analysis
Data were tested for normality using the Kolmogorov Smirnov test. Data are presented as mean (standard deviation), frequency (percentage) or median (interquartile range) as appropriate.

Maternal iodine status in the sample population is reported as median UIC (μg/L) and iodine-to-creatinine ratio (UI/Cr) (μg/g) to correct for hydration effects38 and to permit comparison with previous UK studies.7,29,39 Creatinine excretion has been shown to be relatively constant during gestation.40

Habitual insufficient population iodine status was determined using the WHO/UNICEF/IGN threshold for a pregnant women of UIC <150 μg/L,2 and UI/Cr <150 μg/g. We used UI/Cr to examine the association between iodine intake, maternal characteristics and gestational outcomes. For UI/Cr and maternal characteristics, we used linear regression with log transformed UI/Cr. Variables with P<0.20 in the unadjusted analyses were entered into a general linear model and adjusted for maternal age, BMI, ethnicity, education, living in a deprived area, parity and smoking status. Linear regression was used to investigate the association between UI/Cr as a continuous variable and birthweight while logistic regression was performed to examine the relationship between UI/Cr and binary outcomes (LGA and SGA). UI/Cr was additionally stratified into two iodine status groups; UI/Cr ≥150 μg/g (“iodine sufficient”) and UI/Cr <150 μg/g (“iodine insufficient”). The reference group was UI/Cr ≥150 μg/g. The models were adjusted for maternal age, ethnicity, BMI, parity, socioeconomic status, smoking, treatment allocation and infant sex. Gestational age at delivery was additionally included as a covariate when assessing the association between UI/Cr and birthweight.

Statistical analysis was carried out using Stata version 15.0 (StataCorp, College Station, Texas, US). Significance was set at P<0.05.

Results
Urine samples were available from 954 women in the second trimester of pregnancy. Five women who experienced pregnancy/infant loss were excluded (total study sample n=949). The characteristics of the women are presented in Table 1. The mean (SD) age of the women was 30.6 (5.6) years and the median (IQR) BMI was 35.2 (32.8-38.5) kg/m2. The majority of women were of white ethnicity (67%) and 44% lived in the most deprived area according to the quintiles of Index of Multiple Deprivation. The majority were non-smokers in the index pregnancy (70%).

Iodine status
The median (IQR) UIC and UI/Cr in the second trimester of pregnancy were 147µg/L (IQR 99-257 µg/L) and 97µg/g (IQR 59-165µg/g), respectively. An UI/Cr 150μg/g was observed in 70% of women (Table 2).

Association with maternal variables
In univariate models, age, BMI, smoking, education, multivitamin use and following a ‘Processed’ dietary pattern were associated with UI/Cr (Table 3). Maternal age and education were positively associated with UI/Cr which was robust to adjustment for confounders (all P<0.05) and there was a positive relationship between UI/Cr and HCL cholesterol in the unadjusted model. There was a negative association between UI/Cr and BMI, smoking, multivitamin use and the ‘Processed’ dietary pattern in univariate models. Women who reported not taking multivitamins and those who followed a ‘Processed’ dietary pattern had poorer UI/Cr, which was robust to adjustment for confounders (both P<0.05).

Association with birthweight and duration of gestation
Table 4 shows the association between UI/Cr and birthweight and birthweight centiles. There was a significant positive association between UI/Cr and birthweight which was robust to adjustment for confounders (β= 50.72g; 95%CI 15.26 to 86.18, P=0.01). There was a trend for women with inadequate iodine status to deliver an infant with a lower birthweight (β= -59.95g; 95%CI -120.91 to -1.01, P=0.05).

Discussion
This study has shown sub-optimal iodine status amongst multi-ethnic pregnant women with obesity living in inner city areas in the UK. The median UIC and UI/Cr demonstrate that iodine intakes in this cohort of pregnant women in the second trimester may be habitually below recommendations.2 These results are consistent with recent studies in BMI heterogeneous pregnant women in European countries that have also used UI/Cr to assess iodine status.14,23,24,39,41

The UK population has generally been considered to be iodine sufficient; however, a 2009 study in UK schoolgirls aged 14-15 years reported that approximately half were mildly iodine deficient.42 Our finding of inadequate iodine status in a group of UK pregnant women with obesity living in inner-city sites supports a growing body of evidence of iodine deficiency in UK pregnant women, adding to data from SW England,7,22 SE England,43 Central England,41 NE England,44 Northern Ireland,23 Wales45 and in geographically divergent sites.10 Despite these observations, Department of Health recommendations set in 1992 have not changed.19,46 Further, though prenatal supplements containing iodine are available, not all contain iodine and their use is unsystematic.47 Universal salt iodisation is a cost-effective mass fortification strategy that has been successfully applied in many countries globally. When iodised to recommended concentrations, iodised salt adequately supplies the needs of pregnant women.48

Though we saw a trend between iodine intakes and BMI in our unadjusted model, the finding of suboptimal iodine status in a cohort of pregnant women with obesity may be particularly important as there is evidence that obesity is associated with iodine deficiency.32 Individuals with obesity may be particularly vulnerable to insufficiencies in micronutrient intakes, the aetiology of which may be multifactorial including inadequate dietary intakes (“hidden hunger”) or biological factors associated with obesity such as alterations in micronutrient metabolism.49,50 Poorer quality diets have been reported in pregnant women with an increased BMI,51–53 which may result in inadequate micronutrient intake. Indeed, our observation that women who followed a ‘Processed’ dietary pattern, characterised by chocolate, crisps, potatoes, processed meat/meat products, squash and fizzy drinks35 had poorer iodine status, highlights the importance of the provision of healthy eating advice to pregnant women with obesity to optimise micronutrient intakes. This finding is supported by a recent qualitative study in the UK which reported that awareness and knowledge of iodine was low among pregnant women. Women were not aware of the importance of iodine, sources of iodine or iodine intake recommendations and described dietary advice as confusing, focusing largely on foods to avoid, supplements and selected nutrients not including iodine.54

Our study found evidence of an association between iodine status and birthweight. Our findings are consistent with a systematic review16 in weight-heterogenous women and evidence from observational studies that maternal iodine status is related to birthweight.11,12,15 Similar to our findings, in a cohort study in Bangladesh, Rydbeck et al. reported a positive association between maternal UIC and birthweight which increased by 9.3g (95% CI: 2.9, 16) for each 0.1mg/L increase in maternal UIC.15 Alvarez-Pedrerol et al. found that Spanish pregnant women with a third trimester UIC below 50µg/l had infants with a lower birthweight than women with a UIC 50-149µg/l.12 Snart et al., in 6,637 UK pregnant women, found that for typical women, the birthweight centile at the 25th UI/Cr percentile (59µg/g) was 2.7 percentage points lower than that at the 75th UI/Cr percentile (121µg/g) (99%CI 0.8, 4.6).41 In contrast, two other UK studies reported no association between UIC or UI/Cr and birthweight.10,14 Well-designed trials examining the association between iodine repletion and growth are sparse.16 Further research in adequately powered studies is warranted in order to clarify the association between iodine status and foetal growth, especially given the critical role of iodine in early life development.

Important associations between iodine status and social and demographic factors were identified in this study. Older and more educated women, who may have better quality diets,55,56 had better iodine status as assessed using UI/Cr, in agreement with previous reports.29,57 Iodine supplement use in pregnant women is positively associated with iodine status23 and in the present study we found multivitamin use to be related UI/Cr, adding to the evidence that supplements may be an important source of iodine for pregnant women, although information on specific iodine containing supplements was not available in this study.

Strengths of this study include the large sample size and the inclusion of a cohort of solely pregnant women with a BMI of ≥30 kg/m2. UPBEAT included women from geographically different regions in the UK who were socially and ethnically diverse. 43.6% of our sample lived in areas with a high index of multiple deprivation. Due to the extensive data collection in UPBEAT, some potential determinants of iodine status could be explored.

The study had several limitations. Spot-urine samples may not reflect individual iodine status, although UI/Cr has been shown to be a good alternative to 24-h urine iodine excretion.58 We did not collect data specifically on iodine supplement use or whether multivitamins contained iodine. Iodine was assessed in women taking part in a clinical trial, which may have introduced selection bias. Thyroid hormones were not assessed in this study, therefore maternal thyroid function and its relationship with birthweight could not be examined, however a low UI/Cr has been previously associated with a rise in TSH.59 Finally, though a strength of our study, generalisability of our results is limited since the sample includes obese pregnant women only.

In conclusion, this study has identified that UK pregnant women with obesity have inadequate iodine status. The results of this study add to the increasing evidence that iodine deficiency is widespread in UK pregnant women. As there is presently no iodine fortification programme in the UK nor is iodine supplementation in pregnancy recommended, the implementation of routine dietary advice to improve iodine nutrition of UK pregnant women should be considered by public health agencies. Our finding that lower iodine status associates with lower birthweight adds to the existing evidence, however, given the small number of studies that have examined this relationship, further research is merited.
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Tables (titles and legends)

Table 1 Maternal characteristics of the UPBEAT participants included in this analysis 

	
	Study sample (n=949)

	Age (years)1
	30.6 (5.6)

	Body mass index (kg/m2)2
	35.2 (32.8-38.5)

	Ethnicity3
	

	White
	636 (67)

	Black
	200 (21.1)

	Asian
	61 (6.4)

	Other
	52 (5.5)

	Index of multiple deprivation3
	

	1 (least deprived)
	42 (4.4)

	2
	70 (7.4)

	3
	111 (11.7)

	4
	311 (32.9)

	5 (most deprived)
	412 (43.6)

	Parity3
	

	Multiparous
	517 (54.5)

	Smoking3
	

	Current
	61 (6.4)

	Ex-smoker
	223 (23.5)

	Non-smoker
	665 (70.1)

	Education (years)1
	14.74 (2.9)

	Multivitamin use3
	510 (58.8)



Values are mean (SD)1, median (IQR)2 or number (%)3.



Table 2 Urinary iodine concentration and iodine-to-creatinine ratio in the second trimester of pregnancy 

	
	Second trimester 

	
	(15+0-18+6 weeks’ gestation) 

	
	(n=949)

	Urinary iodine concentration (µg/L)1
	147 (99-257)

	Iodine-to-creatinine ratio1 (UI/Cr) (µg/g)2
	97 (59-165)

	<150µg/g
	665 (70)



Values are median (interquartile range)1 or number (%)2.



Table 3 Determinants of iodine-to-creatinine ratio assessed in the second trimester of pregnancy (15-18+6 weeks’ gestation).
	Maternal characteristics
	n
	Unadjusted β-Coefficient
	P 
	n
	Adjusted β-Coefficient
	P 

	 
	 
	(95%CI)
	 
	 
	(95%CI)
	 

	 
	 
	 
	 
	 
	 
	 

	Age (years)
	949
	0.03 (0.02 to 0.04)
	<0.001
	946
	0.03 (0.02 to 0.04)
	<0.001 

	Body mass index (kg/m2)
	949
	-0.01 (-0.02 to -0.0001)
	 0.05
	946
	-0.01 (-0.02 to 0.0003)
	 0.06

	Sum of skinfold thicknesses (mm)
	937
	-0.001 (-0.003 to 0.001)
	 0.4
	 
	NA
	NA

	Mid-arm circumference (cm)
	943
	-0.004 (-0.02 to 0.008)
	 0.5
	 
	NA
	 NA

	Ethnicity
	 
	 
	 
	 
	 
	 

	White
	 
	Reference
	1
	 
	NA
	NA

	Black
	 
	0.004 (-0.12 to 0.13)
	 
	 
	 
	 

	Asian
	 
	-0.003 (-0.21 to 0.21)
	 
	 
	 
	 

	Other
	 
	0.03 (-0.19 to 0.26)
	 
	 
	 
	 

	Index of multiple deprivation
	946
	 
	 
	 
	 
	 

	1 (least deprived)
	 
	0.14 (-0.12 to 0.39)
	0.6
	 
	NA
	NA

	2
	 
	0.05 (-0.15 to 0.25)
	 
	 
	 
	 

	3
	 
	0.12 (-0.05 to 0.28)
	 
	 
	 
	 

	4
	 
	0.003 (-0.12 to 0.12)
	 
	 
	 
	 

	5 (most deprived)
	 
	Reference
	 
	 
	 
	 

	Parity
	949
	 
	 
	 
	 
	 

	Nulliparous
	 
	-0.03 (-0.13 to 0.08)
	 0.6
	 
	NA
	NA

	Multiparous
	 
	Reference
	 
	 
	 
	 

	Smoking
	949
	 
	 
	946
	 
	 

	Current
	 
	-0.30 (-0.51 to -0.09)
	 0.01
	 
	-0.13 (-0.34 to 0.08)
	0.5

	Ex-smoker
	 
	-0.07 (-0.20 to 0.05)
	 
	 
	-0.04 (-0.16 to 0.09)
	 

	Never
	 
	Reference
	 
	 
	 
	 

	Education (years)
	949
	0.03 (0.02 to 0.05)
	<0.001
	946
	0.02 (0.002 to 0.04)
	0.03

	Multivitamin use
	868
	 
	 
	 
	 
	 

	Yes
	 
	Reference
	<0.001
	865
	 
	0.01

	No
	 
	-0.20 (-0.31 to -0.09)
	 
	 
	-0.16 (-0.26 to -0.05)
	 

	Biochemical measures
	 
	 
	 
	 
	 
	 

	Triglycerides
	908
	-0.07 (-0.15 to 0.01)
	0.08
	905
	-0.06 (-0.14 to 0.03)
	0.2

	LDL cholesterol
	908
	-0.02 (-0.09 to 0.04)
	0.5
	 
	NA
	NA

	HDL cholesterol
	908
	 0.11 (0.02 to 0.20)
	0.01
	905
	0.07 (-0.02 to 0.16)
	0.1

	Dietary patterns
	 
	 
	 
	 
	 
	 

	Fruit and vegetable
	628
	0.02 (-0.05 to 0.09)
	0.5
	 
	NA
	NA

	African/ Caribbean
	628
	0.06 (-0.01 to 0.13)
	0.07
	627
	0.07 (-0.003 to 0.14)
	0.06

	Processed
	628
	-0.2 (-0.29 to -0.11)
	<0.001
	627
	-0.14 (-0.24 to -0.05)
	0.003

	Snacks
	628
	-0.02 (-0.09 to 0.04)
	 0.5
	 
	NA
	NA




Model 2 (adjusted) was adjusted for maternal age, BMI, ethnicity, education, living in a deprived area, parity and smoking status.



Table 4 Association between iodine-to-creatinine ratio and birthweight

	
	
	
	
	Model 1 (unadjusted)
	
	Model 2 (adjusted)

	
	UI/Cr <150μg/g
	UI/Cr ≥150μg/g
	
	n
	β-Coefficient (95% CI)
/Odds ratio
	P
	
	n
	β-Coefficient (95% CI)
/Odds ratio
	P

	
	
	
	
	
	
	
	
	
	
	

	Categorical UI/Cr

	Birthweight (g)
	3455.8 (546.6)
	3535.7 (504.7)
	
	935
	-79.89 (-154.85 to -4.92)
	0.04
	
	932
	-59.95 (-120.91 to 1.01)
	0.05

	Small for gestational agea
(≤10th customised centile) 
	   77 (11.7)
	23 (8.2)
	
	935
	1.48 (0.91 to 2.41)
	0.1
	
	932
	1.60 (0.97 to 2.66)
	0.07

	Low birthweight (<2500g)a
	21 (3.2)
	3 (1.08)
	
	935
	3.04 (0.90 to 10.28)
	0.07
	
	932
	3.23 (0.65 to 15.99)
	0.15

	
	
	
	
	
	
	
	
	
	
	

	Continuous UI/Cr

	Birthweight (g)b
	
	
	
	935
	 68.95 (25.85 to 112.06)
	0
	
	932
	50.72 (15.26 to 86.18)
	0.01

	Small for gestational agea
(≤10th customised centile) 
	
	  
	
	935
	0.78 (0.59 to 1.02)
	0.07
	
	932
	0.78 (0.58 to 1.04)
	0.09

	Low birthweight (<2500g)a
	
	
	
	935
	0.50 (0.28 to 0.89)
	0.02
	
	932
	0.48 (0.20 to 1.15)
	0.1




Model 1 (unadjusted): association between iodine-to-creatinine ratio [adequate (UI/Cr ≥150 μg/g) vs. inadequate (UI/Cr <150 μg/g] and birth outcomes. Reference group women with UI/Cr ≥150 μg/g).  Model 2 (adjusted): association between iodine-to-creatinine ratio [adequate (UI/Cr ≥150 μg/g) vs. inadequate (UI/Cr <150 μg/g] and birth outcomes. Reference group women with UI/Cr ≥150 μg/g, adjusted for age, ethnicity, BMI, parity, socioeconomic status, smoking, treatment allocation and infant sex. aodds ratio, badjusted for age, ethnicity, BMI, parity, socioeconomic status, smoking, treatment allocation, infant sex and gestational age at delivery
