
1 
 

Thyroid homeostasis in mother-child pairs in relation to maternal iodine status; The MISA 1 

study 2 

Vivian Berg1, Therese Haugdahl Nøst2,3, Guri Skeie2, Yngvar Thomassen4, Balazs Berlinger4, Anna 3 

Sofìa Veyhe2, Rolf Jorde5, Jon Øyvind Odland2 and Solrunn Hansen2 4 

 5 

1Department of Laboratory Medicine, University Hospital of North Norway, Tromsø, Norway; 6 
2Department of Community Medicine, UiT, The Arctic University of Norway, Tromsø, Norway; 7 
3NILU-Norwegian Institute of Air Research, Fram Centre, Tromsø, Norway; 4National Institute of 8 

Occupational Health, Oslo, Norway; 5Department of Clinical Medicine, UiT, The Arctic University of 9 

Norway, Tromsø, Norway 10 

 11 

Running title:  12 

Thyroid homeostasis in relation to iodine status 13 

Key terms: 14 

Thyroid homeostasis, iodine, pregnant women, foetal development 15 

Corresponding author and person to whom reprint requests should be addressed:  16 

Vivian Berg, PhD 17 

Department of Laboratory Medicine, Diagnostic clinic 18 

University Hospital of North-Norway 19 

Post box 63, 9038 Tromsø, Norway. 20 

Phone: 00 47 99 27 31 06 21 

Email: Vivian.berg@uit.no 22 

 23 

Disclosure statement: The authors have nothing to disclose  24 

 25 

 26 

 27 

 28 



2 
 

Abstract: 29 

Background: 30 

Iodine deficiency during pregnancy may influence maternal and foetal thyroid function with the risk of 31 

causing neurocognitive and psychomotor deficits in the offspring. 32 

Objective: 33 

To assess iodine status in pregnant women from Northern Norway and to investigate the influence of 34 

iodine status on maternal and infant thyroid function. 35 

Subjects/method:  36 

Women from The Northern Norway Mother-and-Child contaminant Cohort Study (MISA) donated a 37 

blood and urine sample at three visits during their pregnancy and postpartum period (in 2nd trimester, 3 38 

days and 6 weeks after delivery. N=197). Women were assigned to iodine status groups according to 39 

urine iodine concentrations (UICs) in 2nd trimester and mixed effects linear models were used to 40 

investigate potential associations between iodine status and repeated measurements of thyroid 41 

stimulating hormone (TSH), thyroid hormones (THs), thyroid hormone binding proteins (TH-BPs) and 42 

thyroid peroxidase antibodies (anti-TPO). Associations between maternal iodine status and TSH in 43 

heel prick samples from the infants were investigated with linear regression.  44 

Results: 45 

Median UIC in 2nd trimester was 84 µg/L (range 18-522) and 80% had UIC below recommended level 46 

(<150 µg/L). Iodine deficient women had higher concentrations of T3, FT3 and FT4 (estimated 47 

differences [confidence intervals] of 0.10 nmol/L [0.01, 0.17], 0.16 pmol/L [0.05, 0.26] and 0.45 48 

pmol/L [0.10, 0.78], respectively) compared to iodine sufficient women. The concentrations varied 49 

within normal reference ranges, but the majority of women with subclinical hypothyroidism were 50 

iodine deficient. Maternal iodine status did not influence infant TSH concentrations. 51 

Conclusion 52 

This study indicate iodine deficiency among pregnant women in Norway. Iodine status during 53 

pregnancy influences maternal thyroid homeostasis and is therefore a risk factor for foetal and infant 54 

development.  55 

 56 

 57 

 58 

 59 
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Introduction 60 

Iodine is an essential nutrient involved in synthesis of thyroid hormones (THs), triiodothyronine (T3) 61 

and thyroxine (T4). THs are important in early growth and development of organs, and control major 62 

metabolic processes in the human body (1). Iodine deficiency affects the health of people at all ages, 63 

however pregnant and breastfeeding women, foetuses and children are especially vulnerable groups 64 

(2). Health outcomes depend on the severity of iodine deficiency, where severe deficiency results in 65 

symptomatic disorders (e.g. goitre, hypothyroidism, cretinism, infertility) and increased risk of 66 

spontaneous abortion, infant mortality and mental retardation (1). Still, mild iodine deficiency may 67 

cause asymptomatic maternal hypothyroidism causing neurocognitive and psychomotor deficits in the 68 

offspring (3; 4).  69 

 70 

Humans acquire iodine from the diet and dietary supplements, and marine food and eggs are the 71 

foodstuffs naturally highest in iodine. In Norway, cow fodder has been fortified with iodine since the 72 

1950s, making dairy products important sources (5). In a state of metabolic equilibrium, the body 73 

maintains an adequate storage of iodine in the thyroid where 5-10% dietary iodine is absorbed, 74 

whereas >90% is eliminated by renal excretion. For the general adult population, adequate iodine 75 

intake is considered 150 µg/day (6) whereas for pregnant and breastfeeding women, increased 76 

metabolic requirements result in elevated TH production and increase in iodine requirements, hence 77 

these women are advised to have intakes of above 250 µg/day (6). Iodine status can be assessed by 78 

urinary iodide concentration (UIC) and is a widely used method in population surveys to assess iodine 79 

nutrition among pregnant and breastfeeding women. The World Health Organization (WHO) has 80 

defined a median UIC of between 150-250 µg/L in pregnant populations as sufficient where UIC of 81 

150 µg/L is estimated to reflect an iodine intake of 250 µg/day (1; 6).  82 

 83 

Populations in many developed countries, including Norway, are believed to be iodine sufficient, 84 

however, monitoring studies have recently indicated increasing prevalence of iodine deficiency (5; 7; 85 

8). Major changes in Norwegian dietary patterns over the last decades have been suggested as one 86 

explanation (7). Iodine deficiency is the most important and preventable cause of developmental brain 87 

damage (6), hence population monitoring of iodine concentrations is important for public 88 

recommendations to secure appropriate iodine status. Considering the potential harmful effects of low 89 

iodine levels in pregnant and breastfeeding women, the present study aimed to assess iodine status 90 

during pregnancy in a population from Northern Norway and investigate the influence of iodine status 91 

on maternal and infant thyroid function.  92 

 93 
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Materials and methods 94 

Study participants and collection of blood and urine samples 95 

The study population comprise a subset of mother and child pairs from the Northern Norway Mother-96 

and-Child Contaminant Cohort Study (the MISA Study) which consists of 515 enrolled pregnant 97 

women, recruited from May 2007 to June 2009 (9). 197 women with no prior thyroid related disease, 98 

and with complete datasets consisting of maternal urine concentrations of iodine and creatinine, serum 99 

concentrations of thyroid parameters, and their infant TSH concentrations, were included in the study. 100 

The mothers gave written consents and answered a detailed questionnaire about diet and lifestyle, and 101 

donated a blood- and morning spot urine sample at three time points related to their pregnancy (around 102 

gestational week 18, 3 days and 6 weeks postpartum). The women were requested to fast before blood 103 

samplings. Blood samples of infants were collected three days after birth. Detailed information about 104 

the study sites, study group characteristics, ethical approvals, the food frequency questionnaire (FFQ) 105 

and the sample collection procedures have been reported elsewhere (9-11). 106 

 107 

Chemical analyses 108 

Serum analyses of TSH, THs and thyroid hormone binding proteins 109 

Concentrations of maternal TSH, free- and total- T3 and T4, thyroid hormone binding proteins (TH-110 

BPs [e.g. TBG, transthyretin (TTR) and albumin]), thyroxine binding capacity and thyroid peroxidase 111 

antibodies (anti-TPO) in serum samples were determined at the University Hospital of North-Norway. 112 

Analytical methods, instrumentation, analytical variation, and method specific reference ranges are 113 

presented in Supplemental Table S1. The laboratory is certified according to ISO 151810 (12). The 114 

Norwegian National Unit for New-born Screening at Oslo University Hospital tested the new-born 115 

blood for TSH. Blood spots were collected on S&S or Whatman 903 filter paper and analysed using 116 

Autodelfia neonatal TSH kits (PerkinElmer). 117 

 118 

Determination of iodine and creatinine in urine 119 

Morning spot urine was analysed for iodine and creatinine at the National Institute of Occupational 120 

Health in Oslo, Norway. To prevent laboratory acquired infections and to dissolve urine precipitates, 121 

urine samples were heated for one hour at 80ºC and cooled to room temperature prior to measurement. 122 

100 µL of an internal standard solution (1 mg/L of 129I) was added to 1 mL of urine and diluted to 5 123 

mL with deionized water. The concentration of iodine was measured determining the 127I stable 124 

isotope by an Element 2 inductively coupled plasma sector field mass spectrometer (Thermo Electron, 125 

Bremen, Germany) calibrated with urine matrix matched standard solutions. Creatinine in urine was 126 
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determined by the Jaffé reaction (13) using a SFA-200 flow injection analyser (Burkard Scientific 127 

Ltd., Uxbridge, UK). SeronormTM Trace Elements human urine quality control materials (Sero Ltd., 128 

Billingstad, Norway) were used for quality assurance and the measured values were on average within 129 

±5% of the recommended values provided by the producer. 130 

 131 

Calculated intake of iodine from self-reported food frequency questionnaire data 132 

Self-reported dietary intake the last 12 months before inclusion was converted from amount and 133 

frequency to daily intake in grams per day using a standardized measurement table for weight and 134 

portion size (14). Dietary intake of iodine in micrograms per day were further calculated from the 135 

various foods using The Norwegian Food Composition Database 2006 (15).  136 

 137 

Statistical analyses 138 

Statistical analyses were performed using SPSS software, version 23 (IBM SPSS Inc. Chicago, IL, 139 

USA). A significance threshold of p < 0.05 was used and Spearman's rho were calculated for 140 

correlations. Mixed effects linear models were used to investigate associations between UIC and three 141 

repeated measurement of TSH and THs, where women were assigned to iodine status groups 142 

according to UIC in 2nd trimester of pregnancy; here classified as, deficient (UIC ≤ 99 µg/L), mildly 143 

deficient (UIC = 100-149 µg/L) and sufficient (UIC ≥150 µg/L), or assigned to quartiles according to 144 

UIC (all UICs are normalized by creatinine unless otherwise stated). Separate models were built for 145 

five dependent variables; TSH, T3, T4, FT3 and FT4 assessed as both native and log10-transformed 146 

concentrations in all models. Iodine status groups or quartiles and covariates were included as fixed 147 

factors. Homogeneity of variables across groups, diagnostic plots of the residuals and potential 148 

influential points were evaluated. Finally, maternal iodine status and associations to infant TSH 149 

concentrations were investigated using linear regressions adjusting for covariates (e.g. gestational 150 

length, birth weight and age at sampling) and nonparametric tests of the difference in infant TSH 151 

concentrations across the maternal iodine status (Kruskal-Wallis test).      152 

 153 

 154 

 155 

 156 

 157 

 158 
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Results 159 

Population characteristics 160 

Population characteristics, including important covariates, are presented in Table 1. Variations in 161 

infant clinical variables and TSH concentrations (Table 2) were within what is considered normal 162 

variation in infant populations (16).  163 

 164 

Urinary iodine and creatinine concentrations  165 

In the 2nd trimester, 63% of the women had UIC≤ 99 µg/L, 17% had UIC between 100-149 µg/L, and 166 

20% had UIC≥150 µg/L (Table 3). Median UIC (normalized by creatinine) in 2nd trimester, 3 days and 167 

6 weeks postpartum was 84, 39 and 41 µg/L, respectively. Concentrations of iodine, creatinine and 168 

iodine normalized by creatinine at three time-points for the whole group are presented in Supplemental 169 

Table S2. Creatinine concentrations were within normal reference ranges (17) and variance in 170 

concentrations were similar for all three time points.  171 

 172 

Concentrations of maternal TSH and THs  173 

Serum concentrations of TSH and THs varied within the normal reference ranges for the respective 174 

hormones (18). Concentrations of TSH and THs during pregnancy, 3 days and 6 weeks postpartum, 175 

according to maternal iodine status and UIC quartiles (classified by UIC in the 2nd trimester) are 176 

provided in Supplemental Table S3 and S4, respectively. The percentage of women with mildly 177 

elevated TSH (≥3.4 mlU/L) were 7%, 19% and 2% in 2nd trimester, 3 days and 6 weeks postpartum, 178 

respectively, where the majority of these women (70%, 68% and 100% ) were iodine deficient (UIC≤ 179 

99 µg/L) in the 2nd trimester. Fifteen women were categorized as anti-TPO positive according to the 180 

reference range applied by the manufacturer. The prevalence of anti-TPO was 7% for iodine deficient 181 

women, 9% for mildly deficient women (UIC=100-149 µg/L) and 10% for sufficient women 182 

(UIC≥150µg/L). The anti-TPO positive women were included in presented results as they did not 183 

influence model estimates.  184 

   185 

Dietary intake of iodine 186 

The estimated median dietary iodine intake was 72 µg/day and was weakly correlated with UICs in 2nd 187 

trimester, 3 days and 6 weeks after pregnancy (r [N=197] = 0.34, 0.28, 0.19 respectively). Participants 188 

reporting intake of supplements containing iodine (N=36, median 112 µg/L) had higher UIC in the 2nd 189 
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trimester compared to those who did not take supplements containing iodine (N=161, median 82 µg/L) 190 

(p <0.05, Mann-Whitney U test).  191 

 192 

Iodine status and the association to maternal and infant thyroid homeostasis 193 

Results from mixed models using hormone concentrations are presented in Table 4 and model 194 

estimates from models including log-transformed concentrations were similar. Iodine deficient women 195 

had consistently higher concentrations of T3 (4.2%), FT3 (3.6%) and FT4 (2.3%) compared to 196 

sufficient women. The corresponding percentages for mildly deficient women were for T3 (6.8%) and 197 

FT3 (4.0%) (Table 4). Iodine deficient women also had 10% and 3.4% higher median TSH and T4 198 

concentrations compared to iodine sufficient women, respectively, but the differences were not 199 

statistical significant (Results not presented). TH-BPs and thyroxin binding capacity were not 200 

associated to iodine status, but associated to TSH and TH concentrations, and were appropriately 201 

adjusted for in mixed models (indicated in footnotes in Table 4). Repeating the mixed models analyses 202 

for iodine quartile groups, demonstrated that women in the lowest iodine quartile had statistical 203 

significantly higher concentrations of FT3, FT4 and TSH compared to women within the highest 204 

iodine quartile (Figure 1).  205 

 206 

Maternal iodine status in 2nd trimester was not associated to infant TSH levels according to linear 207 

regression analysis (p=0.1) or Kruskal-Wallis test (p =0.2), and neither maternal iodine status nor 208 

infant TSH were associated with birth outcomes like birth weight and gestational age.   209 

 210 

 211 

 212 

 213 

 214 

 215 

 216 

 217 

 218 

 219 
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Discussion 220 

Main findings 221 

To our knowledge this is the first study investigating maternal and infant thyroid function according to 222 

iodine status in a Norwegian population. Iodine status during pregnancy influenced maternal blood 223 

concentrations of TSH and THs during pregnancy and postpartum periods. The population median 224 

UIC indicate an iodine deficient population, and this observation support the suggestions of increasing 225 

prevalence of iodine deficiency that has been reported in many countries in Europe, including Norway 226 

(8).  227 

 228 

Iodine status during pregnancy 229 

Eighty percent of the women had UIC below the recommended level for pregnant women in their 2nd 230 

trimester. Comparable results were demonstrated in the “Little in Norway” (LiN) study (N=1036, year 231 

2011-12), where median UIC was 82 µg/L in pregnant women and 80% of the women had UIC below 232 

recommended level (19). Further, this is in accordance with iodine intake indicated by the self-233 

reported dietary intake, where 94% women in the present study reported an intake less than 150 234 

µg/day. Further, median dietary intake reported in the present study was considerably lower (72 235 

µg/day) compared to that in women from the LiN study (153 µg/day). However, this may be explained 236 

by the difference in FFQs between our studies, and that dietary intakes were surveyed during 237 

pregnancy and included iodine supplements in more detail in the LiN study.   238 

 239 

In the present study UICs likely reflect realistic iodine intakes over the last couple of days and 240 

probable increased dietary intakes of iodine due to elevated caloric intake during pregnancy compared 241 

to the FFQs. Accordingly, if the daily iodine intakes in 2nd trimester were estimated by extrapolation 242 

from UIC using the formula UIC (µg/L) x 0.0235 x Body weight (kg) (1; 20), iodine intakes are more 243 

comparable to the LiN study results (128 µg/day versus 153 µg/day in the LiN study). However, this 244 

extrapolation method assumes steady state conditions (constant uptake and elimination of iodine) 245 

which is not likely for pregnant women and thus not a valid estimate in this population.  246 

 247 

The low UICs in women reporting taking iodine supplements indicates that the amounts of iodine 248 

contained in supplements were less than what is required to optimize iodine intake for pregnant 249 

women. This is in accordance with two other studies, where women were iodine deficient despite 250 

reporting intake of iodine supplements (21; 22). The present study results stress the need for 251 

evaluation of iodine status and potential general recommendations of iodine supplements for all 252 
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pregnant women in Norway. Indeed, the Norwegian Council for Nutrition recently published an iodine 253 

status report, urging pregnant women to increase their dietary intake of iodine (23). 254 

 255 

Iodine status and association to maternal thyroid function 256 

Women with UIC < 150 µg/L had consistently higher median concentration of TSH, T3, T4, FT3 and 257 

FT4 (TSH and T4 were not statistical significant) and were more likely to have subclinical 258 

hypothyroidism compared to women with UIC ≥ 150 µg/L. This indicates a more hypothyroid profile 259 

in the iodine deficient women where elevated TSH may have induced an increased production of THs. 260 

This is in line with a study of pregnant women (24), where UICs (median of 103 µg/L) were inversely 261 

associated to FT3 and FT4 concentrations (the study did not include total-T3 and total-T4). 262 

Accordingly, if iodine intake is restricted during pregnancy, the pituitary thyroid feedback 263 

mechanisms could cause increased iodine uptake with stimulation of the thyroid and increased 264 

production of THs (25). Further, depleted iodine stores in pregnant women have been associated with 265 

a negative iodine balance which can result in elevated circulating TSH and an increased production of 266 

T3 instead of T4 (26). In the present study, although T3 was higher in both deficient and mildly 267 

deficient women compared to sufficient women, there were no differences in T3/T4 ratio between the 268 

groups. Several studies report no associations between maternal UIC and thyroid function (21; 27; 28), 269 

and in a study comparable to the present (29), no associations between UIC and repeated measures of 270 

THs were found. However, that study population were classified as iodine sufficient (median UIC 160 271 

µg/L in 2nd trimester), hence, the influence on thyroid function by severity and timing of iodine 272 

deficiency vary between study populations and can explain discrepancies between study results.  273 

  274 

In the present study TSH was statistical significantly different when comparing UIC quartiles, not 275 

when comparing iodine status groups. This may be realistic as previous reports demonstrate that in 276 

conditions of mild iodine deficiency, elevated TSH is typically demonstrated only in a small fraction 277 

of subjects (26) which could have been better captured by the quartile analyses in the present study. 278 

Indeed, the range in iodine deficiency within the deficient group (N=123) were wider compared to in 279 

the lowest quartile (N=50) which likely influenced the variance in TSH and subsequent statistical 280 

significance testing. Still, both approaches demonstrate the same overall results which lends support to 281 

our interpretations of the results. 282 

 283 

 284 

 285 
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4.4 Maternal iodine status and infant thyroid function 286 

We did not observe associations between maternal iodine status and concentrations of infant TSH. 287 

Indeed, there is little and conflicting evidence that TH homeostasis is impaired in the foetus of 288 

moderately iodine deficient pregnant women (27; 30-32). However, maternal UICs were associated to 289 

changes in maternal thyroid homeostasis and foetal brain development in utero is probably more 290 

sensitive to changes in maternal THs compared to maternal iodine status. Still, iodine transfer through 291 

breastmilk is important for the new-born and adequate supply of iodine through breastmilk is critical 292 

for thyroid development, and thus, the low maternal UICs at 3 days and 6 weeks postpartum in the 293 

present study may have implications for infant development. 294 

 295 

4.5 Clinical relevance 296 

Low UICs as reported in the present study, do not necessarily indicate inadequate iodine supply for 297 

maintaining metabolic processes, but may reflect increased iodine trapping by the thyroid gland as its 298 

iodine uptake can be as high as 80% (33; 34). If iodine intake remains above a threshold of about 50 299 

µg/day, increased uptakes of iodine could maintain adequate stores of iodine within the thyroid (36). 300 

Accordingly, the indicated differences in TH concentrations due to iodine deficiency were within 301 

normal reference ranges for the respective hormones, and may not have caused clinical effects in the 302 

mothers. However, the foetus is dependent on maternal transfer of THs until birth and disruption of 303 

maternal TH homeostasis in any degree would only add to the challenges encountered by the new-304 

born in meeting postnatal hormone requirements (39).  305 

 306 

4.6 Strength and limitations 307 

UIC is recommended as a biomarker for iodine status (35). While UIC reflect recent intake, the iodine 308 

intake calculated from self-reported dietary habits referred to intake during the last year. The UIC was 309 

significantly correlated with dietary intake of iodine, however, self-reported iodine intake was much 310 

lower than the indicated daily intake according to UICs. Misreporting of dietary intake, missing iodine 311 

values in food consumption database, and lack of information on use of iodized salts likely contributes 312 

to this difference, in addition to the different time periods covered (35). Still, large individual variation 313 

in UICs has been reported, especially during pregnancy. To account for variation in dilutions of the 314 

spot urine, we normalized UIC according to creatinine. Further, the iodine status in 2nd trimester were 315 

confirmed from UICs 3 days and 6 weeks postpartum Finally, UIC in morning urine is normally lower 316 

than in spot urine during the day (36), however, it is the preferable measure as individual variance of 317 

iodine in morning urine is lower due to less influence from recent meals (37).   318 
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 319 

Due to the complexity of the thyroid system, assessment of potential thyroid impairment cannot be 320 

interpreted from individual TH levels only, and we included all major components of the thyroid 321 

system. As TH levels are influenced by physiological changes during pregnancy, we evaluated TH-322 

BPs and thyroxine binding capacity (reflects elevated levels of all the binding proteins) as a proxy in 323 

statistical models for the pregnancy related alterations in blood.  324 

 325 

 326 

 327 

 328 

 329 

 330 

 331 

 332 

 333 

 334 

 335 

 336 

 337 

 338 

 339 

 340 

 341 

 342 

 343 

 344 

 345 
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5. Conclusions 346 

This study indicates that the majority of pregnant women in Northern Norway are iodine deficient and 347 

intakes of iodine from diet are not adequate to reach recommended level. Iodine status during 348 

pregnancy influences maternal thyroid homeostasis and is therefore a risk factor in foetal and infant 349 

development. Therefore, it is important to monitor iodine status in young adults and fertile women to 350 

prevent potential thyroid related health effects in pregnant women and foetuses.  351 

 352 

 353 

 354 

 355 

 356 

 357 

 358 

 359 

 360 

 361 

 362 

 363 

 364 

 365 
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Figure legend 512 

Figure 1. FT3, FT4 and TSH concentrations according to iodine quartiles at three time points, 513 

presented as mean concentrations (A, C and E) and as boxplots (B, D and F). In the boxplots the 514 

width of the boxes represents sample size (quartile 1 N=50, quartile 2 N=52, quartile 3 N=49 and 515 

quartile 4 N=46) 516 

 517 

Tables: 518 

 519 

Table 1. Population characteristics and included covariates (N=197) 520 

    

Variable Median (Range) 

Age 32 (18, 43) 

Children/Parity 1 (0, 4) 

Gestational week at visit 1 18 (10, 34) 

Sampling time visit 2 (Days after delivery) 3 (1, 13) 

Sampling time visit 3 (Weeks after delivery) 7 (3, 24) 

Pre-pregnancy BMI 23 (18, 44) 

BMI at visit 1 25 (18, 43) 

BMI at visit 2 27 (18, 45) 

BMI at visit 3 24 (17, 40) 

Education: Years in school 16 (8, 20) 

Intake of dairy products (g/day)a 220 (7, 850) 

Intake of marine food (g/day)b 69 (10, 252) 

Intake of eggs (g/day) 17 (0, 59) 

Dietary intake of iodine (µg/day)c 72 (8, 222) 

Dietary supplements (Vitamins/Minerals) Yes/No 

Blood sampling season Month of the year 

Time of day for blood and urine sampling hh.mm 

Alcohol during pregnancy Yes/No 

Smoking Yes/no 
aIncludes milk, yoghurt, cheese, ice-cream and porridge made on rice and milk 521 
bIncludes shellfish, fish spread, processed fish, roe, liver, crab, fatty fish, lean fish,  522 

whale and seal 523 
cDaily intake of iodine according to dietary intakes reported in the FFQ 524 
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 525 

Table 2. Infant characteristics, TSH concentrations, and study population specific reference 526 

range of TSH (n= 197) 527 

  Boys/girls Median (Range) 
Study pop ref 

rangea 

Gender 102/95     

TSH (mlU/L)   1.10 (0.07, 6.20) 0.20, 3.90 

Gestational length (days)   282 (236, 299) 
 
- 

Age at blood sampling 
(hours)   72 (48, 364) - 

Birthweight (grams)   3595 (1330, 4930) - 

Head circumference (cm)   36 (27, 40) - 

Length (cm)   50 (41, 57) - 
aStudy population reference range defined as the 2.5 percentile (lower range) and 97.5 percentile 528 
(upper range) for this infant population529 
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Table 3. Concentration of iodine and dietary intake of iodine according to iodine status during 530 

pregnancy 531 

Iodine status in 2nd trimester of pregnancy 

Deficient (N=123)

UIC≤99 µg/L 

Mildly deficient (N=34)

UIC =100-149 µg/L 

Sufficient (N=40) 

UIC≥150 µg/L  

Variable Median (Range) Median (Range) Median (Range) 

Urine Iodine (µg/g creatinine) 66.9 (18.3, 99.6) 117 (101, 149) 197 (152, 523) 

Reported dietary intake of 

iodine (µg/day)a 63.5 (8.12, 171) 80.6 (25.0, 179) 111 (24.3, 222) 
aDaily intake of iodine according to dietary intakes reported in the FFQ 532 

 533 

 534 

 535 

 536 

 537 

 538 

 539 
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 540 

Table 4. Mean differences (ΔŶ) in thyroid hormones estimated in mixed effects model across sampling points and iodine status  541 

Modelsa  Model 1b: T3 nmol/L Model 2b: FT3 pmol/L Model3b: FT4 pmol/L 

Fixed factor           

Iodine status groupsc N Δ Ŷ 95% CI Δ Ŷ 95% CI Δ Ŷ 95% CI 

Sufficient 40 Ref -  Ref - Ref - 

Mildly deficient 34 0.16 0.06, 0.26** 0.18 0.05, 0.32** 0.30 -0.08, 0.73 

Deficient 123 0.10 0.01, 0.17* 0.16 0.05, 0.26** 0.45 0.10, 0.78** 

                
aModels are based on three measurements of thyroid hormones per subject and included a subject-specific random intercept 
bAge, BMI and thyroxin binding capacity were included as covariates (fixed effects variables) in the model. 
cEstimations express change for thyroid hormone concentrations across iodine status groups, with sufficient as the reference 

group. The mean T3, FT3 and FT4 in the sufficient group was 2.32 nmol/L, 4.47 pmol/L and 13.2 pmol/L, respectively. 

*p≤0.05, **p<0.01 denotes a significant change in concentrations compared to the reference group (Pairwise comparison: 

Bonferroni correction) 

 

 

 542 
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Summary: 

This file contains analytical details regarding hormone analyses (Table S1), concentration of urinary 

iodine and creatinine (Table S2) and unadjusted hormone concentrations (raw data) according to 

iodine status groups (Table S3) and UIC quartiles (Table S4).  

 

 

 

 

 

 

 



 

Table S1. Analytical methods, instrumentation, analytical variation and reference ranges 

Analysis Method/Instrument Analytical variation (%)a Reference rangesb 

TSHc ECLIA/Cobas 8000, e602 3.2 0.20-4.30 mlU/L 

T3  ECLIA/Cobas 8000, e602 1.9 1.3-3.1 nmol/L 

T4  ECLIA/Cobas 8000, e602 4.2 66-181 nmol/L 

FT3c. ECLIA/Cobas 8000, e602 5.1 2.8-7.1 рmol/L 

FT4c ECLIA/Cobas 8000, e602 3.6 9-22 pmol/L 

Anti-TPOc ECLIA/Cobas 8000, e602 9.9 < 34 IU/ml 

T-uptake ECLIA/Cobas 8000, e602 4.8 0.8-1.3 TBI 

TBG  Chemiluminescence enzyme IA/IMMULITE 2000 7.5 47-59 mg/L 

TTRc Immuneturbidimetry/Cobas 8000, c702 2.6 0.15-0.29 g/L 

Albuminc Colometric assay (bromcresol green)/Cobas 8000, c702 1.9 39.7-49.4 g/L 
aThe analytical variation is calculated from all samples run in the diagnostic routine in the year 2013, except for T3, T4, TTR and Thyroxin binding capacity 

(T-uptake) where the analytical variation was calculated during the verification of the analyses for the present study 

bReference ranges (2.5-97.5th percentiles) are those recommended by the manufacturer (Roche) representing a healthy non-pregnant population, except for 

TBG which is for pregnant women (third trimester) 

cThe analysis is accredited according to ISO standard 15189



Table S2. Maternal concentrations of iodine and creatinine during and after pregnancy 

 Visit 1: 2nd trimester Visit 2: 3 days postpartum Visit 3: 6 weeks postpartum 

Compound Median 

(Range) 

AMa SD Ref.range
b 

Median 

(Range) 

AMa S

D 

Ref.range
b 

Median 

(Range) 

AM
a 

SD Ref.range
b 

Iodine (µg/L) 75 (4-558) 89 74 12-316 32 (4-173) 39 31 4-127 47 (7-497) 59 52 7-179 

Creatinine (g/L) 0.8 (0.1-2.7) 0.9 0.

5 

0.2-2.1 0.8 (0.1-2.8) 0.9 0.5 0.2-2.2 1.1 (0.16-2.5) 1.1 0.5 0.3-2.2 

Iodine/Creatinin

e (µg/g) 

84 (18-522) 110 85 27-421 39 (4-304) 47 36 10-138 41 (4-681) 60 65 7-214 

aArithmetic mean 

bStudy population reference range defined as the 2.5 percentile (lower range) and 97.5 percentile (upper range) for this population 

 

 

 

 

 

 

 

 

 



 

 

 

Table S3. Concentrations of TSH and THs at three time points according to iodine status in 2nd trimester of pregnancy 

Iodine status 

Deficient (N=123)a 

 

Mildly deficient (N=34)b 

 

Sufficient (N=40)c 

 

Variable Median (Range) AMd SD Median (Range) AMd SD Median (Range) AMd SD 

Visit 1 (2nd trimester):          

Serum T3 (nmol/L) 2.74 (1.94, 4.08) 2.76 0.43 2.70 (1.98, 4.75) 2.84 0.61 2.54 (1.47, 3.36) 2.61 0.39 

Serum T4 (nmol/L) 145 (95.0, 215) 146 21.6 142 (111, 211) 144 22.8 139 (113, 183) 140 19.0 

Serum FT3 (pmol/L) 4.67 (3.52, 6.31) 4.68 0.46 4.66 (3.57, 7.08) 4.75 0.76 4.30 (2.99, 6.14) 4.44 0.57 

Serum FT4 (pmol/L) 14.0 (10.0, 18.0) 13.5 1.55 13.0 (9.00, 17.0) 13.3 1.77 13.0 (9.00, 18.0) 13.1 1.65 

Serum TSH (mlU/L) 1.60 (0.15, 5.24) 1.83 0.95 1.36 (0.50, 4.97) 1.68 0.91 1.38 (0.65, 5.70) 1.77 1.13 

Visit 2 (3 days postpartum):          

Serum T3 (nmol/L) 2.75 (1.68, 4.19) 2.79 0.49 2.75 (1.86, 3,82) 2.83 0.51 2.59 (1.61, 3.42) 2.61 0.46 

Serum T4 (nmol/L) 144 (91.0, 228) 146 28.2 149 (97.0, 229) 148 31.2 136 ( 92.0, 169) 135 19.5) 

Serum FT3 (pmol/L) 4.58 (3.30, 6.77) 4.58 0.52 4.44 (3.70, 5.92) 4.53 0.56 4.34 (2.72, 5.54) 4.24 0.54 

Serum FT4 (pmol/L) 13.0 (9.00, 19.0) 13.2 1.89 13.0 (8.00, 18.0) 13.3 2.48 12.0 (9.00, 17.0)  12.2 1.57 

Serum TSH (mlU/L) 2.54 (0.76, 6.32) 2.62 0.99 2.16 (1.02, 4.88) 2.45 1.05 2.36 (1.05, 8.67) 2.56 1.36 



Visit 3 (6 weeks 
postpartum):          

Serum T3 (nmol/L) 1.70 (1.23, 2.53) 1.73 0.22 1.72 (1.33, 2.20) 1.72 0.22 1.63 (1.17, 2.05) 1.65 0.20 

Serum T4 (nmol/L) 99.0 (63.0, 150) 98.9 14.0 95.0 (72.0, 133) 98.3 15.2 90.5 (71.0, 122) 94.5 13.2 

Serum FT3 (pmol/L) 4.65 (3.66, 6.48) 4.71 0.45 4.61 (3.90, 5.83) 4.68 0.43 4.61 (3.42, 5.16) 4.52 0.40 

Serum FT4 (pmol/L) 14.0 (11.0, 20.0) 14.4 1.63 14.0 (11.0, 17.0) 14.2 1.67 13.5 (11.0, 19.0) 13.8 1.79 

Serum TSH (mlU/L) 1.55 (0.35, 5.56) 1.62 0.79 1.23 (0.50, 2.96) 1.34 0.60 1.41 (0.44, 3.37) 1.52 0.75 

          

a <99 µg iodine/g creatinine  

b 100-149 µg iodine/g creatinine  

c ≥150 µg iodine/g creatinine  

dAM - Arithmetic mean 

 

 

 

 

 

 

 

 

 



 

 

 

 

Table S4. Concentrations of TSH and THs at three time points according to UIC quartiles in 2nd trimester 

 

UIC quartile 

 

Quartile 1a (N=50) Quartile 2b (N=52) Quartile 3c (N=49) Quartile 4d (N=46) 

Variable Median (Range) AMe SD Median (Range) AMe SD Median (Range) AMe SD Median (Range) AMe SD 

Visit 1 (2nd trimester):             

Serum T3 (nmol/L) 2.77 (2.02, 3.73) 2.80 0.39 2.80 (1.94, 4.08) 2.79 0.47 2.68 (1.98, 4.75) 2.75 0.56 2.54 (1.47, 3.49) 2.63 0.40

Serum T4 (nmol/L) 147 (113, 215) 150 22.3 145 (93.0, 188) 146 21.3 145 (92.0, 211) 142 22.4 139 (113, 183) 140 19.0

Serum FT3 (pmol/L) 4.69 (3.69, 6,23) 4.69 0.45 4.69 (3.52, 6.31) 4.73 0.48 4.59 (3.57, 7.08) 4.66 0.67 4.34 (2.99, 6.14) 4.47 0.56

Serum FT4 (pmol/L) 14.0 (10.0, 18.0) 13.7 1.63 14.0 (10.0, 17.0) 13.5 1.46 14.0 (9.00, 17.0) 13.3 1.74 13.0 (9.00, 18.0) 13.0 1.56

Serum TSH (mlU/L) 1.72 (0.44, 4.39) 1.95 1.01 1.60 (0.15, 5.24) 1.80 0.95 1.36 (0.51, 4.97) 1.68 0.89 1.38 (0.65, 5.70) 1.74 1.07

Visit 2 (3 days 
postpartum): 

   
         

Serum T3 (nmol/L) 2.83 (1.68, 4.19) 2.82 0.48 2.73 (1.90, 4.17) 2.84 0.50 2.67 (1.70, 3,74) 2.72 0.50 2.63 (1.61, 3.82) 2.66 0.47

Serum T4 (nmol/L) 144 (94.0, 226) 147 30.1 144 (104, 228) 149 26.4 147 (91.0, 229) 144 30.1 136 ( 92.0, 181) 136 21.1

Serum FT3 (pmol/L) 4.47 (3.30, 5.69) 4.52 0.56 4.62 (3.83, 6.77) 4.65 0.56 4.43 (3.70, 5.92) 4.52 0.46 4.39 (2.72, 5.82) 4.29 0.57



Serum FT4 (pmol/L) 13.0 (9.00, 19.0) 13.0 1.97 13.0 (10.0, 19.0) 13.5 1.87 13.0 (8.00, 18.0) 13.3 2.20 12.0 (9.00, 17.0)  12.2 1.65

Serum TSH (mlU/L) 2.60 (1.06, 5.92) 2.80 0.98 2.54 (0.76, 6.32) 2.62 0.99 2.16 (1.02, 4.88) 2.45 1.05 2.36 (1.05, 8.67) 2.56 1.36

Visit 3 (6 weeks 
postpartum): 

   
         

Serum T3 (nmol/L) 1.70 (1.38, 2.32) 1.74 0.19 1.70 (1.23, 2.53) 1.73 0.25 1.70 (1.33, 2.20) 1.71 0.21 1.64 (1.17, 2.05) 1.65 0.19

Serum T4 (nmol/L) 101 (72.0, 138) 100 14.7 98.0 (73.0, 150) 98.9 13.6 96.0 (63.0, 133) 98.0 14.7 90.5 (71.0, 122) 94.0 13.0

Serum FT3 (pmol/L) 4.65 (4.21, 5.96) 4.76 0.43 4.64 (3.66, 6.48) 4.68 0.50 4.62 (3.80, 5.83) 4.69 0.42 4.61 (3.42, 5.16) 4.53 0.38

Serum FT4 (pmol/L) 14.5 (11.0, 19.0) 14.5 1.81 14.0 (12.0, 20.0) 14.4 1.50 14.0 (11.0, 17.0) 14.3 1.57 13.0 (11.0, 19.0) 13.7 1.72

Serum TSH (mlU/L) 1.90 (0.65, 3.75) 1.87 0.80 1.45 (0.50, 5.56) 1.57 0.79 1.27 (0.35, 2.64) 1.34 0.60 1.41 (0.44, 3.37) 1.53 0.75

             

aQuartile 1 range: 18.3-60.4 µg iodine/g creatinine 

bQuartile 2 range: 60.5-84.3 µg iodine/g creatinine  

cQuartile 3 range: 84.4-132 µg iodine/g creatinine  

dQuartile 4 range: 133-523 µg iodine/g creatinine 

eAM - Arithmetic mean 




