Contents

Preface ... Xiii
CoNtribDULONS . . . XVii
Chapter 1: Thyroid Hormone Metabolism ................................. 1
Sephen A. Huang and Luciana A. de Castro Neves
L1 INtrOdUCHION . .ot 1
1.2 Thyroid Hormone Synthesisand PlasmaTransport ..................c.ccovu... 2
1.3 Thyroid HOrmoneACtion ...ttt 5
1.4 Thyroid HormoneMetabolism ........... ...ttt 5
15 Alternative Pathways of Thyroid Hormone Metabolism ....................... 5
150 ConUOation ...ttt e 5
15.2 Alanine Side-Chain Modification ............... ... .. 6
1.6 Thyroid Hormone Deiodination . .............coiiiiineiiin i 7
1.7 Thelodothyronine Deiodinase Enzyme Family .............................. 8
1.7.1 TypelDeiodinase (DL) ........couiiiiiiiiiiii i, 9
172 Type2Deodinase (D2) .....ovuiriii i 9
1.7.3 Type3Deiodinase (D3) . ...vvivii e e 10
1.8 Thyroid Hormone Metabolismand T3Homeostasis ................coovenn.. 10
1.81 1odineDEfiCIENCY ...t e 10
1.8.2 Hypothyroidism . ... 11
1.83 Hyperthyroidism . ... 12
1.9 Altered Thyroid Hormone Metabolism as a Cause of Abnormal
Thyroid FUNCEION TESHING . . . ..o e 12
191 Low-T3SYNArome ... ..ottt e 13
1.9.2 Medicationsthat Alter Thyroid Hormone Metabolism .................. 14
1.9.3 Tumora D3 and Consumptive Hypothyroidism ........................ 15
1.9.4 Tumora D2 in Metastatic Follicular Thyroid Carcinoma ................ 15
1.9.5 Selenium Deficiency and Inborn Errorsin Selenoprotein Synthesis ........ 16
REfErENCES . ..o 16



vi Contents

Chapter 2: Genetic Influences on Thyroid FunctionTests ..................... 21
Wendy M. van der Deure, Marco Medici, Robin P. Peeters
and Theo J. Visser

2.1 The Hypothalamus-Pituitary-Thyroid AXiS . ...t e 21
2.2 Influence of Genetic Variation on Thyroid FunctionTests ........................ 23
2.3 Genetic Variation in Thyroid-Regulating Genes: TRH, TRHR, TSH, TSHR .......... 25
2.4 Genetic Variation in Thyroid Transcription Factors: PAX8, TTFL, TTF2 ............ 26
25 Genetic Variation in Thyroid Hormone Synthesis Genes. NIS,

Pendrin, Tg, TPO, DUOX2, DEHAL ... ... i 27
2.6 Genetic Variation in Thyroid Hormone Receptor Genes: TR, TR ............... 29
2.7 Genetic Variationin Serum TH Transport Proteins: TBG, TTR, and Albumin ........ 30
2.8 Genetic Variationin TH Transporters: MCT8, MCT10, OATPs  ................... 31

281 MCT8anNdMCTI0 . ...ttt e e e et 31

282 OATP1A2,1B1,1B3,and1CLl . ... oottt et 32
2.9 GeneticVaiationinDeiodinases: D1, D2, D3 ... i 35
2.10 Genome-WideAssociation (GWA) Studies . ...t 36
211 Concluding ReMarKS . .. ..ot e 36
REErENCES . . o 37

Chapter 3: Influence of lodine Deficiency and Excess on Thyroid
FUNCHON TESIS . ..o 45
Maria Andersson and Michael B. Zimmermann

31 INtrOdUCHION ... e 45
3.2 lodine Metabolism and Thyroid Function .................iiiiiiinennnn. 47
3.3 Thyroid Adaptationto lodine Deficiency ...t 47
3.4 Epidemiology of Thyroid Functionin Areasof Low lodineIntake ................. 49
341 AdUILS 49
342 PregnanCy .. ... 50
343 NEWDOMS o 52
344 Children ..o 54
3.5 Introducing/Increasing lodine Intakes and/or lodine Excess:
Effectson Thyroid Functionin Populations ..., 56
3.5.1 Cross-Sectional Studies: The Epidemiology of Thyroid Function
inAreasof Low and High lodinelntakes ....................ccoviio... 57
3.5.2 Highlodine Intake Produces Thyroid Dysfunctionin Children .............. 58
3.5.3 Longitudinal Studies: The Effects of Increasing lodine Intakes
in Populationson Thyroid Function .............. ..., 59
38 CONCIUSIONS ...ttt ettt e e e e e e e e 61

REEIENCES . . . 61



Contents vii

Chapter 4: Regulation of Thyroid Hormone Production and M easurement
Of TRYIOtrOpIN . .. 71
Jerome M. Hershman

A1 INrOdUCLION ...ttt et e e e e s 71
4.2 Production of Thyroid HOrmone ............co it 71
421 Sodium/lodide Symporter .. ... 71
4.2.2 Dietary lodine Requirements . ..............ooiiiiiiiiniiii. 72
423 ThyroidPeroxidase ...t 73
424 Hydrogen Peroxide Generation . ...........c.ouuuiiiiiiniiiiniia 73
425 Apica lodide Transport . ......couuie 73
426 Thyroglobulin .. ... . 74
4.3 TSH Biochemistry and PhySiology . ........c.ovuiiiii i 74
431 T3NegativeRegulationof TSH ............. i, 75
4.4 Thyrotropin-Releasing HOrmone ...ttt 75
45 Diurnal Rhythmicity of TSH ... ... o 76
4.6 Other Factorsthat Regulate TSH Secretion .......... ... i, 77
4.7 Clinical Effectsof TRH . ... 78
4.8 Measurement Of TSH .. ... 79
4.9 Norma SerUM TSH LEVEIS ... oo i e 80
4.10 FactorsAffecting TSH Clinically ... e 81
RE OrENCES . . ot 82
Chapter 5: Measurements of Thyroxine and Triiodothyronine ............... 85
JimR. Sockigt
51 INtrodUCION . ...t 85
5.2 TheTrophic-Target Gland Relationship ... 85
5.3 TheBasisof Total and Free Thyroid Hormone Methodology . ................... 86
54 Total TAand T3MethOdS ... ... e 88
55 Principlesof Free TAMethods ...t i 88
5.6 Factorsthat Limit theValidity of FreeT4Methods ............................ 0
5.7 Evauationof SoumFreeTAMethods . ....... .. 95
58 FreeT4in Special SItUaLiONS . ... ..ottt 96
581 PregnanCy .. ...t 96
5.8.2 Thyrotoxicosisand Hypothyroidism .................. ... ..o ouu.. 97
5.8.3 ThyroxineReplacement . ............coiiiiiiiiiii i, 98
584 Critica INSS . ...\ 98
585 PrematureInfants . ... 100
5.9 Total TAMEASUrEMENT . ..ottt e ettt 101

5.10 Indicationsfor Measurement of Serum T3 ... ... ... it 101



viii Contents

5.11 Approachto Anomalous ResUItS . ... ..t s 102
512 CONCIUSION . ..ttt ettt e e e e e e e e e 103
RE OrENCES . . . oot 104
Chapter 6: Thyroid Autoantibody Measurement ............................. 109
R. A. Ajjan and A. P. Weetman
6.1 INtrodUCLION . ...t e 109
6.2 Humora Immunity in Autoimmune ThyroidDisease ...............cccovvvnn... 110
6.2.1 Thyroid AUtOBNTIGENS . ... i ettt e et et e 110
6.2.2 TheRoleof Thyroid Autoantibodiesin Disease Pathogenesis .............. 111
6.3 Assaysfor Thyroid Antibodies. .............c i 113
6.3.1 Thyroid Stimulating Hormone Receptor ..., 113
6.3.2 Thyroid PeroXidase .. ........ouiiiiinet i 114
6.3.3 Thyroglobulin . ... .. 114
6.3.4 Sodium/lodide Symporter . .........oiit 115
6.4 Clinica Applicationsof Antibody Measurement . .................ooiiiinn. 115
B.4.1 Graves DiSEASE . ... v ittt 115
6.4.2 Graves Ophthdmopathy ........... . 116
6.4.3 Autoimmune Hypothyroidism ............. ... . i 116
6.4.4 Pregnancy and Postpartum Thyroiditis ................. ... .. ... .. .... 117
6.4.5 Differentiated Thyroid Cancer .........covviii i 118
6.5 Recommendation for the Use of Thyroid Autoantibodiesin Clinical Practice .. ...... 118
6.6 CONCIUSION . .ttt e e e s 119
[ = 1= 001 N 120
Chapter 7: Thyroglobulin Measurement ..., 125
Carole Spencer and Ivana Petrovic
7.1 TgBiosynthesisand MetabolicClearance . ................... ... ... e, 125
7.2 TgAssay Methodology: Technical Issues ... 126
7.2.1 Standardization/SpecifiCity . ........ciiiiiii i 127
7.2.2 Methodologic SENSItiVItY . .. .ot 129
723 INterferences ... ... 130
7.3 TgAb Measurements Used as a Surrogate Tumor Marker ........................ 132
7.4 TgMRNA asaTumor Marker . ...t 133
7.5 TheClinica Utility of Tg Measurement when TgAbIsPresent ................... 133
7.6 TheClinica Utility of Tg Measurement when TgAb IsAbsent ................... 135
7.6.1 Factors Influencing Circulating Tg Concentrations ...................... 135
762 SerumTgReferenceRange . ......ooviiit i 136
7.6.3 Serum Tg Measurements for Nonmalignant Thyroid Conditions . ........... 137
7.6.4 TgMeasurement for Differentiated ThyroidCancer ...................... 139

RE BN ENCES . . ..ot 142



Contents ix

Chapter 8: Thyroid Function Testing in Ambulatory Practice ................. 155
Angela M. Leung and Alan P. Farwell
8.1 Choiceof Testsin Thyroid FunctionTesting .. .........ccoiiiiiniiin . 156
8.2  Evaluation of the SymptomaticPatient .............. ... i 157
8.2.1 Suspected ThyrotOXiCOSIS . ..o vttt ittt i 158
8.2.2 Suspected Hypothyroidism ................. i 159
8.23 Nodular GOIEr . ...ttt e 160
8.3  Useof Thyroid Function Tests to Monitor Treated Thyroid Dysfunction . .......... 161
8.3.1 Monitoring Hypothyroidism .......... ... i, 161
8.3.2 Monitoring Hyperthyroidism . ............ ..t 162
8.4  Screening of the General Population for Thyroid Dysfunction ................... 163
8.5  Screening of Targeted Populations. . . ......covuii i 164
8.5.1 Women of Childbearing Age, Pregnant WWomen, and LactatingWomen . . . . .. 164
85.2 Elderly ..o 165
8.5.3 Patientswith Specific Comorbidities................................. 166
8.6  CONCIUSIONS . ..ttt ettt e e e e e e e et e 167
RE OrENCES . . . oot 167
Chapter 9: Assessing Thyroid Functionin Infantsand Children .............. 173
Alicia G. Marks and Sephen H. LaFranchi
9.1 INtrodUCHION . .. 173
9.2 INfaNtS .. 174
9.2.1 Hypothyroidism ...........o 174
9.2.2 HypothyroxinemiainthePretermiInfant . .............. ... .. ... .. .... 178
9.23 Hyperthyroidism . ........ .. 179
9.3 Children ... 180
9.3.1 Hypothyroidism .. ...t e 180
9.3.2 Hyperthyroidism ......... ...t 182
REfErENCES . . . oo 184
Chapter 10: Assessing Thyroid Function in Hospitalized Patients ............ 187
Jonathan S LoPresti and Komal S. Patil
101 INtrOdUCION ..ot e e e e e e e 187
10.2 LOW T A .o oottt ettt ettt e e e e e e e 189
10.3 LOW T34 StaE ..ottt e e e et e e e 192
10.4 Measurement of Thyroid Hormonesinlliness ............................... 193
105 TSH RegulationintheLow T3andLow T3/T4States . .......ovii e, 194
10.6 Interpretation of Thyroid Tests in the Hospitalized Patient ...................... 195
10.7 Drugsthat Affect Thyroid Function Tests ..., 198
10.7.1 GIUCOCOrtICOIAS . ..o vttt e e 198

10.7.2 DOPAMINE .. vttt et e e et et e e e e 198



X Contents

10.7.3  AMIOGAIONE . ...ttt ettt e 200
10.7.4 Heparin and Low Molecular Weight Heparins . . ....................... 200
10.7.5 Diphenylhydantoin . .........coi it 201
10.8 Variantsof Nonthyroidal I1IN€ss. . ... ... e 201
10.8.1 HIV and Thyroid FUNCHION ... .......coiiii s 201
10.8.2 Liver Diseaseand Thyroid Function ................. ... 202
10.8.3 HyperemesisGravidarum . ........ouiiiiii i 202
10.8.4 Psychiatric lllnessand Thyroid Function . ............. ... .. ... .. .... 203
109 Concluding Remarks .. .....cuo it e 203
RE OrENCES . . . oot 204
Chapter 11: Assessing Thyroid FunctioninPregnancy ....................... 209
John H. Lazarus, Offie P. Soldin and Carol Evans
11.1 Importance of Thyroid StatusinPregnancy . ..., 209
11.1.1 Thyroid Physiology inPregnancy . ..., 209
11.2  Human Chorionic Gonadotrophin ............ ... 211
11.3 Clinical Relevance of Assessing Thyroid FunctioninPregnancy ................. 213
11.3.1 Hyperthyroidism .. ... 213
11.3.2 Hypothyroidism . ... 214
11.4 Materna Thyroid Disease in Pregnancy: Effect on Child Development ............ 214
11.5 Clinica Implications of Thyroid Antibodiesin Gestation ....................... 215
11.6 Methods for Measuring Thyroid FunctioninPregnancy . ....................... 215
11.6.1 Total and Free Thyroid Hormone Measurementsin Pregnancy ............ 216
11.6.2 TSHTeSISINPregnancy ..........uuuuiiiieitiiiiiiiiinaneaanans 217
11.6.3 FreeThyroid Hormone TestinginPregnancy .. ..., 223
11.7 Development of Reference Intervals for Thyroid Hormonesin Pregnancy .......... 223
11.7.1 Trimester-Specific Method-Specific ReferenceIntervals ................ 224
11.7.2 Trimester-Specific Thyroid FunctionTests .................. ... ... 224
11.8 Screening for Thyroid Functionin Pregnancy . .............oouiiiiiiinnnen... 226
119 CONCIUSIONS . . v vt ettt e ettt e e e e e et e 228
RE ErENCES . . . oot 228
Chapter 12: Assessing Thyroid FunctionintheElderly ...................... 235
Mary H. Samuels
12.1 Changesin Normal Thyroid FunctionwithAging.............. ..o, 235
12.2 HypothyroidismintheElderly ........ ... . 236
1221 PrevalenCe . . ... 236
22 o] oo | 237
12.2.3 Clinical Manifestations . . .. ... 237
1224 DiBgNOSIS ..ottt ittt 239

1225 Treatment .. ... 239



Contents Xi

12.3 HyperthyroidismintheElderly ....... ... . . i 240
1231 PrevalenCe . . ... 240
1232 EHOIOgY .. ovvte et 241
12.3.3 Clinical Manifestations . . . ... ...t 241
1234 DiagNOSIS . ..ottt 243
1235 Treatment ... ...t 243

12.4 Thyroid Nodulesand CanCer . .........uiiiieet i 245

125 ChallengesinAssessing Thyroid FunctionintheElderly ....................... 245
125.1 WhatistheNormal TSH RangeintheElderly?........................ 245
12.5.2 Altered Presentation of Thyroid DiseaseintheElderly .................. 247
12.5.3 The Effects of Comorbid Conditions and Drugs on Thyroid

FunctionintheElderly ....... ... . i 247
1254 Risksof TreatmentintheElderly ......... ... .. ... ... ... .. 247

REfErENCES . . . oo 248

Chapter 13: Influence of Drugson Thyroid Function Tests ................... 251
Sonia Ananthakrishnan and Elizabeth N. Pearce

131 INtrOdUCHION ..o e e e 251

13.2 Alterationsof Thyroid Hormone Secretion ............. ... oo, 251
1321 Thionamides . ... ...ttt 251
1322 Lithium ... e 253
1323 100I0ES oo 253
13.2.4 Other Medications that Decrease Thyroid Hormone Secretion ............ 255

13.3 Changesin T4 and T3 Serum Transport Proteins .........................ue. 255
13.3.1 Medicationsthat Increase TBG . ......ooviiii i 256
13.3.2 Medicationsthat Decrease TBG . ... ..ottt 257
13.3.3 Competition with T4 and T3 Binding Sites on Thyroid Hormone

Binding Proteins .. ... e 258

13.4 Metabolismof ThyroidHormones. ... e 259
13.4.1 HepaticMetabolism ... ... 259
13.4.2 Delodination . ... ...ttt 260

135 Central TSH SUPPrESSION . . ..o vttt ettt e 261

13.6 Medicationswith Multiple Effects. . ... 262
13.6.1 GlUCOCOMICOIAS . . . . o oo ettt ettt e e e 262
13.6.2 AMIOGAIONE ...\ttt ettt 263
13.6.3 BEXArOIENE . ..ottt 265
13.6.4 CYOKINES ...ttt e e e 265
13.6.5 Other Medications with Effects on Thyroid Function Tests .. ............. 266

13.7 Levothyroxine AbSOrption ...t 267

13.8 CONCIUSIONS. . . vt e et e e ettt et e e e e e e e 268

RE OIENCES . . . oot 268



2 Springer
http://www.springer.com/978-1-4419-1484-2

Thyroid Function Testing

Brent, G.A. (Ed.)

2010, ¥, 392 p. S illus. in color., Hardcover
ISEMN: 278-1-4419-1484-2



