Contents

Preface to the Third EdItiOn ..............cooiiiiiiiiiiccii e et ettt e ene e xxiii
Preface to the Second EdItiOn ............oooiiiiiiiiiii ettt ettt s etae e e eaes XXV
Preface to the FIrst EQItION ..........oooiiiiii ettt sttt st e ae e XXvil
ACKNOWIEAZINENLS .......eovvieiieitieeeiectieit et eetecreettecttesreaesaessrsessesesuessrtesssessseesrseesssensssessesnssessnns XXiX

PART I Biology and Biochemistry

Chapter 1 Introduction: Fundamentals of NUTTHON ...cc..covvivviiriiieriiniieiiieeieceiiecreesvieesreeeeeve e 3
1.1 TrMINOIOZY .ocvvivieieciiecie ettt cve et cve e s e e s e s ass e stestae st evsesaesvaesaesrnesvas 3
L1.T MetaboliSI.......cveiiieeiececiececeiier et eevee e v svesvvesaecrvesvaernansnaneans 4

112 HOMEOSEASIS. ...vvevvecveevrecreerveireeienrensseeasseessesseessesvsesvesssesaesrnessesssansesseens 4

1.2 Nutritional Labeling ...........cccoevveviiiviiieieiiinecieirene s eesresveesresveeraesvaesvesveesnes 5
1.3 The Need for a Variety of FOOAS .......cccoiiiiriiiiiiiciiiseccse e e 5
1.3.1  Fruits and VegetablesS—More Matters ...........ccceevvevecierneceerecrneneenens 6

1.3.2 Red and Processed Meat—L.esS IS BEtter.........cceeevvevnecieneceenneennns 6

14 The Need for ENCIEY ...ccccviiiiiiiie ettt sev e st sae v saesvaenaas 7
1.5  The Need for Digestion, Absorption, and Utilization of Nutrients................... 7
1.6 Enteral and Parenteral NULTItON............covevveeriiiiirieririerieneeeriesie e e evvenesvvennes 8
1.6.1  Enteral FEEdIng .......coceovviviiiiiiiiiiiieiciesr ettt cveveen e e 8

1.6.2  Parenteral FEeding..........cccovveviiiiviiiciiiicsieciese e cvveie e e enenneeeas 8

1.7 AAPEALION ..ottt ettt r et e sb e st sveeraesraeraesraeraas 9
1.8 Water a8 @ NULTIENE ......cceoviiieiiiieceece et cevee vt sveevae e erbesveesvensneneans 10
1.8.1 Requirement for AthIEIES .........covererririiiririiieecriee e sreerve e v e 11

1.9 FOOQ AT Y ....oooviieviciiecie ettt ctee et esveevsesvaebaesveerbesvaesvansnensens 12
1.9.1  Allergies—Read Itand Eat..........ccccovvevvivvviviiivicicecciccee e e 14

1.9.2  Cell Phone ALICTZY .....coeeviieiiiiecieiecreerereeeesreeseesreeveesveevvesvesvaeeves 14

1.10  Guidelines for AMEIICANS.......cveiveerierreerrerrerreerenreeseenreeteeseesaeseervesreesvessessens 15
111 Exercise for Health...........cccooeoviiiiiiiiieiccccs et sve e e e n e 16
112 Healthy AGVICE ....ociiiecie ettt eevee v evtesvesvaesveervesvaesvensnannans 20
RETETEINCES vttt sttt ettt eette s re st be st e srraesbesa s aessaassaessseesssennns 21
Case BIBLIOZIAPIY ...c.vciviiiiiiiiiiricr ettt ste st eae st ervesveerveernesbes s essasssansaesasseenseans 22
Chapter 2 Digestion of Carbohydrates, Lipids, and Proteins...........ccocevvvevvvecvvienreeenvenvenrveennne. 23
2.1 INOQUCHON covvievveiiie ettt eeete ettt eevvecertesvvessaesrnaesesassaessassaessseesseennns 23
2.2 CADORYAIALES. ...c.viivieiiieciecciie ettt cete e ettectae e aeevae s aesbaessaessrnesseasnns 26
221 Digestion and ADSOTPUON.........coeveeriieneeeiierrieieceieeieeerieerreseeesseens 26

2.2.2  Carbohydrate INtOIETANCE .........eovvveviieereiciieirieie e eieeerie e eveeeevaeen 27

2.3 LIPSttt ettt eaas 29
2.3.1  Digestion and ADSOTPUON.........coeveeriieneeeiierrieieceieereesriecrresreeesseens 29

2.32  Lipid MalabSOrplion ........cccveeviveiieiiieneeeiierrenieceresveessaesrsnesesesseens 31

24 PIOEINS ..oeeciieiiieieieie e cieeettesrreesttestaesveeessessreesssesssaesreaesssesssaessassssesssnesseesnes 32
241  Digestion and ADSOTPUON.........cocveervieveeeniierreeiecereereesriecrresesesseens 32

2.4.2  Defects in Protein Digestion and AbSOTPUON........cccevveevvvevrrreneennnen 33



vi

Chapter 3

Chapter 4

Contents
2.5  Malabsorption SYNALOMES.........c.vcvveereenreirieieirieieceereeeeiessesseesesseessasseensenns 34
2.5.1  CeliaC DISCASE ..c.vecvvevvicieceie ettt evre v v sve v v 34
2.5.2  CyStC FIDIOSIS . ..veiviivviiiiciieie ettt sevt e evresvesvvesveevaesaas 36
2,53 TropiCal SPIUC .....ccvevviieiie ittt sv v sveevae v 37
2.54 Inflammatory Bowel DiSEaSEs ......cccovvevvivveerviirieniiiiesieie e e e evvennes 37
2.5.5 Short Bowel SYNdrome...........cccovvevviviiriiiiiniiienieieseeie e e e evvennes 38
2.6 MICIOOTZANISINS ......ccvvivieirieriereereereeteesteettesteevtesvessaesvesrnesseersessesssanseessansessseans 38
RETETEINCES vttt sttt ettt eette s re st be st e srraesbesa s aessaassaessseesssennns 40
Case BIBLIOZIAPIY ...c.vciviiiiiiiiiiricr ettt ste st eae st ervesveerveernesbes s essasssansaesasseenseans 40
Requirements for Energy: Carbohydrates, Fats, and Proteins ..........ccccoceeevvevvvevvennnns 41
B EDOIZY ittt ettt et et ettt ettt et e bt e nr e e b te st erbesreeraenaas 41
31T CAlOTIES.c.ueceviectieiect ettt cvtee e eve e e et e es e st srreebeerberaas 41
3.1.2  Basal MetaboliSm..........ccvcvveivieieieciececciseeceee et eevee e v sveevvenaas 42
3.1.3  Resting Energy EXpenditure .........cccoceevvevivviiviineinienieiese e eve e 43
314  Thermic Effect Of FOO......c.covvviiviiiiiiiiicceceseeevece e e 43
315 CaloriC DRNSILY ....cuveviicieceictiecvietie e e e eveer e esr e eve e st svresveevvesaas 43
3.1.6  Caloric REQUITEMIENE .........coveivieieieciececcieee et sresvre e evvenaas 44
3.1.7 Calorie Intake and Body Weight..........c.coovvvevviivvinieniiiece e, 45
3.2 ReSpiratory QUOLIEIIE ........ccceeveieirieiecieiecreneeeeeneneeeee s aeseesseeseesresvaesveervesaes 46
33 CarbORYUAIALES. ....cvviiecviciiecticie et et sr b saeerae v 47
331 Glycemic Index and Glycemic Load..........cccovvevvevvienrinienrieiececnnee. 49
3.3.2 Carbohydrates and Health.............cccoceevviviiiivviiniinienieiece e e, 49
B4 AL ettt ettt ettt et sttt eenen 51
341 Need for Fatin the DIet.........ccccoeiveivieiviiiiiiicieeesrcceecve e 53
342 Dietary Fatand Health.............ccccooeoiiviiiiiiiiiicccecceee e e 54
3.5 PIOCINS ...oicviiiieici ettt ettt ettt sve et ve e e ven e ess e ss et aesee s aentensaeseesseessesaeeraesues 54
351  Amino Acid CataboliSm...........coceeveerieiviiiiiriiieienreesreeree e svre e evvennes 56
3.5.2  Anabolism or CataboliSm.............ccceoveeviireirieiiieiireneeeeereere e e 57
3.5.3  Protein RESEIVES.....ccoovecvieieiiieie ettt eevs e svvesveevvenaas 58
354  Nitrogen BalancCe.........cccvevveiiiieiecie i s sveevvennes 59
3.5.5 Nutritional Quality Of Proteins...........cccccoveevvivveevvenreenreneenreeiesecneenes 59
3.5.6  Protein Needs i DISCASE .....cccvevveiveerieceiriireieeienreesreeseesvesvvesveevvennes 60
3.5.7 Protein-Energy Malnutrition ...........ccccoveveerrerveeneenrrenreneenreeieseevneone 62

3.6  Use of Body Energy Sources during Hypometabolism
and HypermetabOliSIIL ........ccvvveeiiiiieiiieieieieciieciie e eeeectecnreerveensaesveesvaenns 64
3.6.1  Starvation—HypometaboliSM..........ccccvvevveirverviinrenrienrieeesreeve e e enes 64
3.6.2  Stress—HypermetaboliSIm .......covceveiveieiiinriiieecneesreevee e eve e 65
RETETEINCES vttt sttt ettt eette s re st be st e srraesbesa s aessaassaessseesssennns 66
Case BIBLIOZIAPIY ...c.vciviiiiiiiiiiricr ettt ste st eae st ervesveerveernesbes s essasssansaesasseenseans 67
Role of Essential FAtty ACIAS ....c.vcovieiviciiiiiiiisie ettt cn e e e asveesnens 69
41 FALY ACIAS..cuiiciiciiicie ettt ettt v e v e baesvesrvesvesrbes e es e rneneans 69
42 NEUHALFAL.....cc.ociiiiiiiece ettt vt svesrvesvaesven s esvens 70
43 Properties OF FAL .......cccooviiiiiiiieciit ettt st svtevaesveervesvs s e snenvens 70
431  Toding NUMDEL.......c..coiiiiiiieciieiecieiectveie e cve e evese s e s e aereenee e 70
432 RANCIAILY .viovvieiieiierieieetecte ettt cvveve e eveevresveesn e e s assae e aeseense e 70
4,33  Hydrogenation ...........ccccveveerveneiieiesieieeeeveesesvesssesssessasseessesesssenns 71
434  Trans Fatty ACIAS .....ccecvviviieiicie e eve e s e ne e aeve e 71

435 Conjugated Linoleic ACId..........ccceveeveieiiieinecececresreeecrenresreeneens 71



Contents

Chapter 5

Chapter 6

vii

44  Dietary Sources and Health Effects of Trans Fatty AcidS ........cccoceevvvevevvennne 71

4.5  Saturated Fatty ACIAS ......cc.coeivviiiiiiieirieientiereesteereesveevve e svvesveervevsesvensneneans 73

4.6  Monounsaturated Fatty ACIAS .......cocoevvivvivrienriiriesieie e cvecveve e e eneans 73

477  Essential Fatty ACIAS ......ccovevviiviiiriiiiiecrieiesr et eervesveevie e svvesveervesveesvensneneans 74

471 FUNCHONS ....cvveiviirieieriiteecteereestecvtesvesvvesveervesveessesvaessensssssasssensansesnsenns 76

472 Deficiency of Essential Fatty ACIdS ......ccccovevvivviiviniiniiiinienresrieniens 77

473 REQUITCINECILS.....c.oeevierieriecreeriesrecvrerieevverveereeveernesvessnenssassasseessansesssenss 79

474  Effect of Excess Essential Fatty ACidS........ccccoveveevvivviivveiiinieneennnns 80

475  FOOQ SOUICES ....ocvicvierictieciectiesiectietiectveie e e cvrevess s e assseseaeseense e 80

476 Dietary o, Fatty Acids and Health..............cccovviivinviniiiines 81

RETETEINCES vttt sttt ettt eette s re st be st e srraesbesa s aessaassaessseesssennns 84

Case BIBLIOZIAPIY ...c.vciviiiiiiiiiiricr ettt ste st eae st ervesveerveernesbes s essasssansaesasseenseans 85

FACOSANOUAS......covveivie ittt ettt et srvrestve it e sreeesteessraessesaseesrsaessaessssessesnseses 87

5.1 Prostaglanding ..............ccceeveeieieeieieeieneereneeeesrens e aeseesreesresresraesaeeraesaes 87

5.1.1  Chemistry and NOmMenclature...........occcoveveeverienrenreenreneene e sveevvennes 87

5.1.2  BiOSYNRESIS. ...eceiiiieciiicieciicie ittt evae s 88

5.1.3  CatabOliSIM......occviiiicriiciecriesre sttt et erae v v eaas 89

5.14  Physiological ACHONS ........cccccverueiveirieireriiieeseeeenreenreeseesresvresveevvesnes 89

5.2 THIOMDOXANECS ....cvveviirieiieciiiie e ctre e cveeeveseere e s et aeeessaeseessaessesseesaesvesraesues 90

5.3 PrOStACYCIMNS......c..ccviitiicriciiecie st ctectteiecveieere e e s e sne s aeeensaeseessaeseesbesbsesvecrvesaas 91

54 LEUKOICNES ....cvvevieiecrieviecrietie e crie e etvesveesveveessanssensaessensaessesseessesseessesaessaesves 91

54.1 Metabolism Of Leukotrienes .........cccoeevveviirrerveeneenrienieeene e e evvennes 91

5.4.2 Physiological ACHONS ........ccccoverveiveerieereriiireseeeenreenreereesresvvesveevvesnes 91

5.5 LAPOXINS c.viiviirieietietiestietteetestteeveevvesvecsvesaeessenseessanssessanssensseseesssessessesssessesssesnes 92

5.6  Cytochrome P450—Derived Products........ccccovvevvevveriiereniienenrieiecveeie e e 92

5.7  Inhibitors of Eicosanoid BioSynthesis ..........cccvevivvvivvivreniienenieiecrieie e e 93
5.7.1 Cyclooxygenase 2: A Target for Treatment

OF DASCASES.c.vvveevreeteeerieieeetiecresrieetteerreeete e srresseesseesrnnessaensssesreassseses 95

572  CYClOOXYZENASE 3..cviiviiieiiiieerieeenreeeesteentesteerreeveerve e ervesreesvensnensens 96

5.8  Eicosanoids and ChroniC DiSEaseS........ccecvvereerrerrerreireenreeneenreeiesreesesveernesnes 97

5.9  Effects of Diet on EiCOSanNoids ........ccccoveveervereirriniieneiieenrieeenreesiesrecvve e evvennes 97

5.9.1 Factors Affecting the Formation of 20-Carbon PUFAs.................... 97

5.9.2 Factors Affecting Eicosanoid Synthesis............ccceceevveiveevenecrennennens 98

5.10 Alternative Medicine for Pain ..........cccoccoviiviiiiriinicniiciecieesreeie e s 98

S5.10.1 TUMMELIC ..cviivveiiecvieie e creee e eeee st eeee st eereesseesaesveeraesvesrvessesssesnensans 99

5.10.2 Avocado Soy Unsaponifiable.............covevvveviiveinienienienenieie oo nen 100

5.10.3 Glucosamine and Chondroitin ...........cceevvevvevvinienenienenieie e ene. 100

RETETEINCES ..ottt ettt et eete ettt et srvaesbte s e svaaeaesssnaesaessssesrsasnsaens 101

Case BIBLIOZIAPIY ...c.veiviiiiiiiiiiricriecr ettt cvtetvecrvee e e r s e s et e e resreevaesveevaesvas 102

Inorganic Elements (IMANEIals).........cvevveiriiieieiie e e e esr et svee e sveevaeeve 103

6.1 Essential MacromineralS ...........ccccccvevveieiieiecieiecine e sveeseesveevseene 103

0.1.1  CAICIUM ...ttt cveve et beerr e e s e sne e e e e e nrens 103

6.1.2  PhOSPROTUS ..c.vvivviiiriiieiecriecestee ettt sttt s cvvete e ve e ere e snesaeeensaans 108

6.1.3  MaAZNESIUML......cveiiiriiiecrieriectiereecteetre e cvvervecrvesbeers e seeseansnessaeeenseans 109

0.1.4  POLASSIUINL.....covviiiiriiiiiecrieceestiereeeteetreetectvesveervesbeesvenseassansnassaeeenseans 110

6.1.5  SOCIUIM .ottt ettt 112

6.1.6  ChIOTIAE ...t 113



viii

Chapter 7

Chapter 8

Contents

.17 SUITUL ..ottt ettt ere e 114

6.1.8  Role of Macrominerals and Other Factors in Hypertension ............ 114

6.2 Essential Trace EICIMENTS..........ccccoeiiiiiiiiiiiii et eveeenne 120
0.2.1  TIOM oottt e 120

0.2.2  COPPEL ettt ettt ettt st sve e st bt raesrtesbeeraerbeernenaans 124

.23 ZUNCuooiiviiiiiiiiiece ettt 127

0.24  CODAll.oiiiiiiiiieiiici e e 130

6.2.5  MOIYDBACIIUIL.......ccoiivieiiiiiircice et e svveve e esbeernenveas 131

6.2.6  SCICNIUIN........cooiiiiiiiiieii ettt ettt err e 133

0.2.7  MANZANCSC......c.vevveireerrecrrereirrererrenteeseesseestesseessesseesaesssessessaessesssensens 136

60.2.8  JOAINC.....ooiiiiiiiiiiiieie ettt s 138

6.2.9  CRIOMUUINL .....oooviiiviiiiiieiie ettt ettt ettt ere e erre et ereseevesenres 141
6.2.10 FIUOTIAC ....oovviieviiiii ettt ettt eve et eve e 143

6.3 Ultratrace MINCTALS .........oovieiviiiiieeiiioi ittt ettt st ser e erveeeanen 149
.31 SIHCOM....cviiiiiiciicii ettt ettt ettt ere e 149

0.3.2  INICKCL c.oiiviiiiieeic ettt e 149

.33 BOTON .coiiiiiiiiiiiciicee ettt 150

0.3 4 ATISEIIC ..ovvviviieeie ettt ettt ettt ettt ere e 151

.35 TN oo e 151

6.3.6 VaANAIUIN .......ooiiiiiiiiieiii ettt ettt ere e 152
REFEIEIICES ..ooivii i ettt sttt eaaeas 152
Case BIBLIOZIAPIY ...c.veiviiiiiiiiiiricriecr ettt cvtetvecrvee e e r s e s et e e resreevaesveevaesvas 156
VItamins—ADN OVEIVIEW ....c..ooviiiiiiiiniiiieieie ettt ettt ern e sveeettesnaeevesennes 157
7.1 HiStorical PErSPECtiVE.......ccvivvieviecieciie ettt cveie et s evae v v v 157
T2 DEIMIEION ......iiviiiiiiecii ettt ettt ettt ere et b as s etteserneerveeeree s 157
T3 INAINCS ..coiieciiiei ettt et ee et ettt ettt ere et sae s eraeste e et beeerrees 157
T4 ClasSIICATION .....oovviiiiiiviiciieer ettt ettt ettt ere et rs s eraesreeerveeerrees 158
7.5 FUNCHONS ..ottt ettt e vt ettt ere et s ns s etaeserseerveeeree s 158
T.0  DEIICIENCY couvvieirieireieieciiectiectieeeeeette it aerveeevesrvaessaesssressaassssesssasseessseesssasseees 159
7.7 Need for SUPPICMENLS.........coovvieieieciece e svee e v 160
7.8 Hypervitaminosis .........ccccveevvevrieienriorieieciesreeveveevensesessanssessesseessesseeseesnes 161
7.9 ADTIVILAINIINIS L..oviiviieeii ettt et ete e et r e ere et b erssevaeserseerveeerne s 162
7.10 Enrichment 0f FOOAS .......coocoiviiiiiiiiioiiiecce ettt v evnan 162
REFEIEIICES ..ooivii i ettt sttt eaaeas 164
Case BIBLIOZIAPIY ...c.veiviiiiiiiiiiricriecr ettt cvtetvecrvee e e r s e s et e e resreevaesveevaesvas 164
Fat-Soluble VItAIINS . .........oovviiiieiiini ettt ern e eave et een e eve s 165
8.1 VAN A oottt ettt erae et s 165
8.1.1  CROMISIIY ..ttt sttt e ctveve e ves e ern e e essansne s aeeenseans 165

8.1.2  FOOAd SOUICES ....cocvviiviiiciiieii ettt et eve e 165

8.1.3  ADSOIPUON ..ottt et eve e svecvvesbe e ves e essansnensaessenseans 166

8.1 4 TIANSPOIT ..covivrieiieiecrieiect ettt ettt sveevvesve e vesbeerves e essansnensaeseenseans 167

8.1.5  BiochemiCal ROIE .........c.cooovviiiiiiiiiciiecicecee e 167

8.1.6  DICAICIENCY ...vevviviieieiiieiect ettt sttt cve e svecrvesbeerven s essassnassaeeenseans 171

.17 UNILS coviiiiiiiiii ettt ettt ettt et as ettt ebe et 174

8.1.8 Recommended Dictary ALIOWANCE ........ccveoveeverreerenrrereeieeneeeneenrnnns 174

8.1.9  Assessment of Vitamin A Status........ccccecvievveeiioniiieieie e 174

81,10 TOXICILY vvvvvvvvveerevreereseeseeseermseeeessesessssseesseeeesesessessesssesseeseeseesessseeeene 174



Contents

Chapter 9

ix

8.2 VItamin D ....ooooiiiiiiiiiiic et 175
8.2.1  CRCIMISIIY ..ottt sttt sveevverveervesbeern e e essansnensaesnenseans 175

8.2.2  FOOA SOUICES .....ocvviiviiieiiieii ettt ettt eve e 177

8.2.3  ADSOIPUON ...c.vvivvicveiiieeectiectestvetveeteette e ctvesveervesbeerven e essansnansaeseenseans 177

8.2.4  MeEtabOLISIMN......oooiiviiiiieie ettt ettt ebe et 178

8.2.5  FUNCHIONS ....oooovieeiii ittt ettt et as et re e erveeenae e 179

8.2.0  DICAICIENCY ...vevviviiiieeiiieectiectesttertesteettesveevvesveerves e esves e essansnansaeseenseans 182

827 UIILS 1ivviviii ittt ettt ettt ers e s rr s e reer e 185

8.2.8  Assessment of Vitamin D Status........cccoecveevviieiieiiiiiieie e 185

8.2.0  TOXICILY cvovivivieeiecr ittt ettt ettt et e ettt neve et et veaeeta s seaens 185

8.3 VItamin E .....oooooooviiiiiii et 186
8.3.1  CRCIMISIIY ..ottt et etre e etveeve e ves e err e snessansne s aeeensaans 186

8.3.2  FOOA SOUICES ....cocvviiviiietiieii ettt eve e 187

8.3.3  Absorption and TranSPOIt .........c.ccvevveeeerieieeriereerenreereeneenseeseenreens 187

8.3.4  FUNCHIONS ....ooooviieiii ittt ettt ettt vs et reeevveeerae s 187

8.3.5  DICAICIENCY ...viveiiieieiiiiiectiete sttt strette e crvesveerves e e bes e ersansnansaeeenseans 189

8.3.6  UMILS ..vviviiviee ettt ettt ettt sttt ers e er et r e raer e 190

8.3.7 Assessment of Vitamin E Status ..........cccccoovvveeiiieiiiieieie e 190

8.3.8  TOXICILY cvoviviviecvet ittt ettt ettt et e ettt eve et et e e etn s seaens 190

84  Vitamin Ko.....oooooooiiiiiiii et 190
841 CRCMISIIY ..ovcviiiieierieeect ettt sttt cvecvverve e ves e ern e e essansne s aesnenseans 191

842  FOOA SOUICES .....ocvviiviiietiieii ettt evs et eraeen 192

8.4.3  ADSOIPUON ...cvvivvievrcrieiectietestetteeteettesveetvesve e vesbeerven e essansnassaeeenseans 192

844 FUNCHIONS ....oooovvieeiii ettt ettt ee e ere et evs s etae s reeerveeeree s 192

845 DRAICIENCY ...viivriiiieeiiiiectierte st ettesttette e etvesve e e e esvessaessansnansaeeenseans 194

8.4.6  RCQUITCINENLS. ......cveviiierieriestierieeteerectecrervecrvebeersaseersansnessasssensenns 195

8.4.7 Assessment of Vitamin K Status........ccccocoevviviiiiiiiiiineieeveeenn 195

848 TOXICILY cvovirivieeier ittt ettt ettt ettt neve vt re et eta s seaens 195
REFEIEIICES ..ooivii i ettt sttt eaaeas 196
Case BIBLIOZIAPIY ...c.veiviiiiiiiiiiricriecr ettt cvtetvecrvee e e r s e s et e e resreevaesveevaesvas 199
Water-Soluble VItamins L...........cocoooviiiiiiiiiiiie et 201
0.1 Thiamin—DBy ....c.ccoooiiiiiiiiccee ettt ettt et erea 201
011 FOOQ SOUICES ....veoovviiiiietii ettt ettt ettt eve et ers e eve s 201

0.1.2  CREIMUSIIY ..vveivievie e ceie et ceer et ees e stesveeste v evaesvaesveevaesveernanvens 201

9.1.3  Absorption and TransSport ..........c.ceeevvevvvenrieienesienecverecvvevecnenees 201

0.1 4 FUNCHONS ....ovviieviiiiiiie ettt ettt et ee e eave et err e eve s 202

0.1.5  DRACIENCY ..cveivvivieciieiececie e eeee et sresveeeaesrvesvesvaesbeernanvees 203

9.1.6  REQUITCINENLS. ...c.vcciieieiriiiiireiieeenteeeeereestesteestesveeraesvaesveereesvesrnenvens 205

9.1.7  Assessment of Thiamin Status...........ccccoevviivviieiiiiiie e, 206

9.1.8  Antithiamin SUDSTANCES .........c.cccoviviiiiiiiii et 206

0,119 TOXACILY 1.vivvivier ittt ettt ettt ettt reeve et re b et et s vt eras 206

0.2 RiIbOflavin—DB, .......ooiiiiiiiitieiieicicc ettt e 206
0.2.1  CREIMUSIIY ..vveivveiie e ceie e ciece et eev e stesveesveeveeraesraesbeevaesveernanvens 207

0.2.2  FOOU SOUICES .....ooovviiviietii ittt ettt ettt vttt ers e eve e 207

9.23  Absorption and TranSport ..........c.ceeevvevvveniieienecienecvenecveveenennees 207

9.24 BiochemiCal ROIE .........cc.coovviiiiiiiiiiiiiceieee e 208

0.2.5  DRICIENCY ..cvciviivieiiiiiececie ettt sresveesvesvaesbesvaesbeerneneees 208

0.2.6  REQUITCINENLS. ...c.vcoiivieiriiriireiieeentieeeereestesseesresveeraeevvesvesreesvesrnensens 210

9.2.77  Assessment of Nutritional Status ............ccoovvvieiviioiiiiieeie e 210



X Contents
0.2.8  ANLAZONISIS....cuviveieiieireeriireeieirenreeseenseestesseestesseesaesssessesreesvesrsesens 210

92,9 TOXICILY . evvevee ettt ettt ettt sttt s 210

0.3 NIACIT c.vvovveciieie ittt ettt et e svesvbesbeerbes e esaas s essasssansaentesseesesseesseseee 210
0.3.1  FOOA SOUICES ....cveiiiiecreciiereieee ettt sveesresveevaesvvesveevaerveernanvens 211

9.3.2 Tryptophan—Niacin Relationship ............cccevveveiieneivienecieecrennn 211

9.33 Bound Forms of NiaCif.........ccccevevviervinrieniiiieieciesie e cvvevecvnenees 212

0.3.4  CREIMUSIIY ..vviivvivie e cie ettt eev e ste v e svesveevaesvaesbeevaesveernanaens 212

9.3.5 Absorption and TransSport ..........c.ccecevvevrveviieieneciesecveeevveveenenees 213

0.3.0  FUNCHIONS ...ccveoviivieiiieie ettt eeve e s st svesvaesvesvvesbeernanvees 213

037 DRICIENCY ..c.viivvivieciieiececie e eeer et sresveesaesrvesbeevaesbeernansees 214

0.3.8  REQUITCINENLS. ...c.vcoiiveiriiriereiiee et eesresveesreeveeraeevvesveeveerveernanvens 215

9.3.9 Evaluation of Niacin Status..........cccceevevvevenienenieieciereceevecnennns 216
9310 TOXICILY . evvveeie ettt ettt ettt sttt 216

9.4  PantotheniC ACI ........coeeviiviiiiieiecice ettt s svee e e 216
9.4.1  FOOA SOUICES ....cviiteiiecreeiieeeieee ettt se e sveesresvreraesvvesveevaesveernanvens 216

9,42  CREIMUISIIY ..vvecvvivie e cie e ettt este v e stesvreraesraesvesvaesaeernansens 217

943  Absorption and TransSport ..........c.ceeevvevvveniieieneciesecverecverveenenees 217

0,44 FUNCHIONS ...ccoeovvivveciieie e e e eeeeeene e ees e ss s e stesveesaesvvesaeervesaesrnensees 217

0.4.5  DRICIENCY ..cvccvviieciieie e creeee e et eereesresveesaesraesvesvaesaeernanvees 218

9.4.6  REQUITCINENLS. ...c..coeiieiriiriireiieeenreeeeereestesreesresveevaesrvervecreesveernensens 219

9477 Assessment of Pantothenic Acid Status .........ccoevvevevievecviernecrnenns 219

9.4.8 Effect of Excess Pantothenic ACid..........cccoeveveiievieivicnececie e 219

0.5 BAOUI covveviicecie ettt ettt et e e ettt eba e saeeraeevas 220
0.5.1  FOO SOUICES ....cviieiiecreiiiee ettt st s svreraesvvesveevnesveernanvens 220

0.5.2  CREIMUSIIY ..vviivveiie ettt e e sveesve v evaesvaesaeevaesbeernenvens 220

9.53  Absorption and TransSport ..........c.ceeevvevvveviieieneciene e cveveenenees 221

0.54  FUNCHONS ....coeovvivieiiieiececie e ees et eeve e sresveesaesvaesvesvvesaesrnansees 221

0.5.5  DRACIENCY ..cvcivvivieitiiie ettt eeve e st sveesvesvaesbeevaesaeernanvees 222

9.5.6  Assessment of Biotin Status .........cccevvevieveiiene e e e cvrenens 224

9.5.7  REQUITCIMENLS. ...c..cciivieiriiriereiieeenteeeeereestesreesteeveeraesvaesveeraesvesrnensens 224

9.5.8 Effect of Pharmacological DOSES ......c.ccvveveivieneiicie e e e cvrenens 224
RETETEINCES ..ottt ettt et eete ettt et srvaesbte s e svaaeaesssnaesaessssesrsasnsaens 226
Case BIBLIOZIAPIY ...c.veiviiiiiiiiiiricriecr ettt cvtetvecrvee e e r s e s et e e resreevaesveevaesvas 227
Chapter 10 Water-Soluble VItamins IL...........cc.cccovviiiiiiniiiisicie e cveecveveene e nrans 229
101 FOC ACIA covviiiiiieeecee ettt ettt ettt 229
1011 FOO SOUICES ....cvviiveiviecrecriecieerenteeeesreentesreestesveesaesvaesaesveasveernensens 229

L1012 CREMUASIIY ...vveviivve et creee e eee et et stesveestesveevaesvsesvesrnesveernenvens 229

10.1.3  ADSOIPHON ...ttt ettt 230

1014 FUNCHIONS ...oveiviiviecvieiie e e e eeeeeseeeaesee st aeseestesveesvesvsesaessvesvessnenvees 231

1015 DRIICIENCY ..cuveiviivvecvieiecrecreceeeee sttt et aereesresveesvesvaesaesrvesveernensees 231

10.1.6 ANLAZONISES...cvvivviireeiecreereireeeeieenseeeenseestesseessesseesaesssessesreesvesssesens 234

10.1.7 Assessment of Folic ACid Status .........ccceveevenecieviecieiececve e 234

10.1.8  REQUITEIMENLS. ....covvveevveirieerrieeiieetierraestecenresrveenuaesrnresssesssessneessesesnes 234

10.1.9 EXCESS FOLALE ....cuveiviiiiiieciieciee ettt s e erveern e 235

102 VIAMIN Byjuviiiiiiiiiciicccccse et er et sv e v v eae 235
10.2.1 FOO SOUICES ....cvviiveiiiecrecriiieeieeeenteee et estesseestesveevaesvaesvesveesveernenvens 236

10.2.2 CREMUISIIY ...vviviivie ettt ceee et et stesveestesveevaesvberaesreasveerneneens 236

10.2.3  Absorption and TranSport ............cccevveereervineenesieseeverveevevecnennees 237

10.2.4 Biochemical FUNCHONS .............oovuiiioiiiiiiieeiees e 238



Contents xi

10.2.5 DRIICIENCY ..cuvecviiviecvieiecrecre e eeeresee e esr et eereesresveesvesrsesaesrvesveernenvees 241

10.2.6  REQUITEIMENLS. ....ccuiitiiiiii ittt ettt 243

10.2.7 Assessment of By, StAtUS .....ooovieviiiiiicicciecce e cvreaes 243

1O.2.8 TOXICILY c.cvvvienteit ettt ettt sttt ettt sttt 243

103 PYTIAOXINE ...vveoviiiiiiiiecieccie ettt sttt eesve e te e aevaesssaessvasssaessnaessesnsees 244

1031 CREMISIIY ..ot cieciie et ceee et stesveesresveevaesraesvesreerveernenaens 244

10.3.2 FOOA SOUICES ....cvviiveieiecrectiiecieie et eestesveestesveevaesvaesaesveasveernenvens 244

10.3.3  Absorption and TranSport ..........c.cevevvevvvervinienesieneeiervecveveenennees 245

10.3.4 FUNCHIONS ...ouveviiviecvicnie e e eeeeeseee st aeveestesveesvesvaesaesraesveernenvees 245

10.3.5 DRIICIENCY ..cuviiviiviecrieiie e e e eseee et et eeveesresveesvesvaesaesrvesveerneneees 246

10.3.6 Effect Of DIUZS ovveiveeieiveciieeceee ettt svvervesveerveernenveas 246

10.3.7 GenetiC DEECES .vovviviiiiiiececieecceee ettt eve s veern e s 247

10.3.8 REQUITCIMENLS. ......cciiieireerieeeiieeent et eesteeteestesveevaesreesvesveerveernesaens 247

10.3.9 Assessment of Vitamin By Status............cocoooiiiiiiii. 248

10.3.10 Effect of Pharmacological DOSES ........ccvevveeivenecieie e cvecvecvrenens 248

104 Vitamin C—ASCOrbiC ACId .......coveivivieiiiieiiiiereceee et s 249

10.4.1 FOOA SOUICES ....cviiviiiecreeriiecieeeent e enreestesteesvesveevaesraesvesveasveernensens 250

10.4.2 CREMISIIY ...vveviivieciecie et et e stesveesresveevaesrsesaesveesveernensens 250

10.4.3  Absorption and MetaboliSm..........cccocvevvveriieienecienecieiecieiecrenes 251

10.4.4 Biochemical FUNCHONS ..........covivvirviiiinriinieciesecrieie e e eveevnenens 251

10.4.5 DEIiCIENCY ..cvecviivieirieie et e eeee ettt eereesresveesvesrsesaesrvesveernenvees 252

10.4.6 REQUITCIMENLS. ......ccoeeveireeriirrerierenteeeenreentesseestesveevaesveesvesreesvessnessens 255

10.4.7 Assessment of Vitamin C Status..........ccoveevenenioviecieniececnecnennens 255

10.4.8 Effects of High Doses of Vitamin C...........c.cccceevvvveiievecicrecnennn 256

105 ADCINIAS.....ccviiiieiicciccteee ettt cve e e e s e e et et e st e et e sbaesaesraevaesaes 258

RELETEICES ..ttt ettt eeete et etae e e svae s aesaaasssessrnasseessssesssansseens 258

Case BiblOZIaphy ..........coocoiiiiii e 260

Chapter 11 Vitamin-Like SUDStANCES ........cocoviiviiiiiiiiiecr e cveecvevr e e nraens 261

T1T CROINE ..ottt sttt r et e st et e svaevaesvaevaeeves 261

112 CAMINE ....cvieeieviecieceiccee ettt cvecvecve e e e be s es s e e asaeeesseentessaesaesveesaesues 263

11.3 BioHavonOoids ........ccveeviirieiiiicie ettt er et svaesae v v eve 266

114 TAPOIC ACIA c.vooviiiieieciiccee ettt ettt s v et e sv e vae svaevae v 267

115 CoeNZYME Q... ettt eve e r e sr e s s et e srae st svaesaeevee 268

11,6 INOSIEOL...coiiiiciit ettt r et r et et e st e et e sbeevaesbaeraeeves 270

117 p-AminobenzoiC ACIA .........cccovvvveiveiiieiicece ettt s v 272

RETETEINCES ..ottt ettt et eete ettt et srvaesbte s e svaaeaesssnaesaessssesrsasnsaens 274

Case BIBLIOZIAPIY ...c.veiviiiiiiiiiiricriecr ettt cvtetvecrvee e e r s e s et e e resreevaesveevaesvas 275
PART Il  Special Nutritional Needs

Chapter 12 Nutritional Aspects of Pregnancy and Lactation ............c.ccccevvereevvereerrenreenrenreennnns 279

12.1  Nutrition Prior t0 PIEZNANCY ......c.ccveevveiiiiiieiiiircniieeenrienresreenresveeviesveevaeenes 279

122 Nutrition during Pregnancy ...........cccoeeveeoeiveeiinrenieneenreeneeneeniesseessesveesnesnne 281

12.2.1 Length of Pregnancy and Birth Weight .............cccocoovviveiicieinenn 281

12.2.2 PRYSIOIOZY .uveovvivvecrierieirecreceeieeeeseeessseessaeseestesveesvesvsesaessvesveesnensens 281

12.2.3 Nutrient REQUITCINENTS .......c..covevverrieeinrieniesrieniesreereevvevesveerveernennens 285

12.2.4 Other Maternal FACIOTS ............oovvviiioiiiiecie e s 289



Xii Contents

12.3  Fetal Origing of AdUlt DiSEASEC.......c.coveeviirveiieriiiririeeenr e eereenre s eveevae v 295
12.4  Nutrition during Lactation.............cccceeeveiieiveeriireneieenreenresreeneesree e sveevaeene 297
1241 EDNCIZY covooviieieciieiectieie e cve e eeesesse et e st aessestesvaesvesvsesaesrvesaesrnensees 297

12,42 PrOTCIN ...cvvcviecvietie e cie et cteee e ee et aer et e sveesvesveevaesvsesaesvnasveernanvens 298

12.4.3 Essential Fatty ACIAS........cccocovivviriiirieniiniesiesesvieie e e e cvnenens 298

1244 CalCIUI .....cooocvvivrecreciieciecreee et stesveestesveevaesvsesbesreasveernenvens 298

12.4.5 Water-Soluble VItaming ..........cccceeevieveenrieniineenesiesecvveiecvveveenennees 298

12.4.6 Other FACIOIS ....c.viiiiiiiieciiieciee ettt svtevaesvresvesveerveernenveas 298

125 Lactation EEfECIS.......cccviiiiie ettt v v v 298
12.5.1 Role of Prolactin Other than in Lactation ...............ccccvevevvvernecnennn 299
RETETEINCES ..ottt ettt et eete ettt et srvaesbte s e svaaeaesssnaesaessssesrsasnsaens 299
Case BIBLIOZIAPIY ...c.veiviiiiiiiiiiricriecr ettt cvtetvecrvee e e r s e s et e e resreevaesveevaesvas 300
Chapter 13 Nutrition and DevVEIOPIMENL ......cc.vvrviivvieiiierieeriieetieeierctiereeseeeresveessaessressvessseens 301
13,1 Fetal DeVEIOPIMENL . .........ccveiveiiieieciieie e cieer e esr et e v saesveevaeeve 301
13.2  Extrauteringe DevelOpment. .........c.ccvveveiveirveieerenrennieenreesrenreessesveessesveesneonne 304
13.3  Nutrition and Development during Infancy ..........ccccocevvevenienenieiecvenenne. 306
13.3.1 Nutritional REQUITEMENtS..........cc.covevvevrierienienreeieiecveie e e cnenens 306

13.3.2 Requirements for Low Birth Weight Infants.............c.cccocoon. 308

13.3.3 Breast-Feeding ......cccoceeveevviiviiiiieisieecsr et evvevesvvevecvn s 309

13.3.4 Infant FOrmulas ...........ccccoveivieoiireiniieenrieneeereesresveesvesvvesvesvvesveernenvees 313

13.3.5 SOl FOOUS...c..oiviiiieie ettt st svvevve v e ernenve s 314

13.3.6  Adverse Reactions to FOOd...........cccovviviineiiinecicie e e 315

13.3.7 MetaboliC DISOTAETS .......covevrirrierirriieesrierre st sreereevaeevvervesveerveernenaeas 315

13.4 Nutrition and Development during Childhood..............cccoevvvvviveniineciennenn, 316
1341 EDNCIZY cvioviiieciiciectieie ettt cr et r e ass et eveestesveesaesvsesaesrvesaeernansees 316

13,42 PIOTCIN ..cvicvvecvieiie ettt ettt aes et e sveesvesveevaesvbesaesvnesveernanaens 317

13.4.3 Vitamins and MineralS...........cccocvevvievvenriiniinienecie e crvene e cnenees 317

13.5 Nutrition and Development during Adolescence...........ocvvvveevvevenrvenesrvennennn 317
1351 EDNCIZY oottt ettt et ev et ev e stesveesaesvbesaesvvesveernenvaes 318

13.5.2 PIOTCIN .ottt ettt sv e st v v svaesbesvnesveernenveas 318

13.5.3 Vitamins and MineralS..........ccccocvevvievinriiniiniene e e cvveve e cnenes 318

13.6  Overweight in Infancy, Childhood, and Adolescence.............ccccvveveevvennenne. 319
RETETEINCES ..ottt ettt et eete ettt et srvaesbte s e svaaeaesssnaesaessssesrsasnsaens 321
Case BIBLIOZIAPIY ...c.veiviiiiiiiiiiricriecr ettt cvtetvecrvee e e r s e s et e e resreevaesveevaesvas 322
Chapter 14 NUtrition and AZINE ........ccoceveiriiieiriiiiisriienr et eetesre e svesrvesveevesssessasseessasssessenns 323
TA T AQINE oottt s cve e e e s et at et et et e b e aaeebeeraeeaes 323
14.1.1 Life Expectancy and Lifespan..........ccccccoveeveneninveiieniececne e 323

14.1.2 Theories Of AZINE ....cccovevveiveiiiieirieeenreenteereeseereesresvvevesrvesveerneaees 325

14.2  Effects of Nutrition, Drugs, Supplements, and Genes.............ccceeveveevvennenne. 325
14.2. 1 NULTIEIOT c..oovvecvicvie e cve e e e s aes e stesveestesveevaesvaesvesreasveernensens 325

14.2.2 Drugs and SUPPIEMENLS.........coveevivviireenrierrieriesreereesreevveveevveveernenees 327

14.2.3  GeNnetiC FACIOTS .....c.vcvviiveiieceiieecceee ettt vecrnenae s 328

14.3  Role Of ANLOXIAANLS.......ccvviveirieie e e e creneeveee e enr e sreeseesreevaesveesaesves 329
14.4  Factors Affecting NUtrition STAtUS ........c.coveeeerirrerriieenrieneereeneesveeie oo enes 330
14.4.1 Physiologic Changes..........ccoeievrieiviereenreenrineenresreesreervevesvvevecrnenees 330

14.4.2 Malabsorption and Gastrointestinal Disorders ..........c.coceeveerveevenns 331

14.4.3 MetaboliSIm.......coveoieiiiecie et sre v e svesvaerbesrvesbeernenaees 332

T4 44 DIIUZS .ooovecviieiectieiecreie et ce e e s s ass et eseestesveesbesvbesaesrsesaeernansees 332



Contents

1445 DHSCASCS ...viicviieeiiiie ettt ettt ee et r et re e erte et err e eresenres 332
14.4.6 Other FACIOTS ....oovviiiiieiii ettt ettt eve e 332
14.5 Nutrient REQUITSIMENLS ...........cccvveiveiieiiiiineccieeeer e eesre s e sveevaesveesaesves 332
T4.5. 1 EDNCIZY cuvioviiieciietiectieie ettt e e e e e assse st aessestesveesvesvaesaesrvesveernensees 332
1452 PIOUCIM ..covviiviiecii ittt cea e vt et erveeetb s eve s 333
14.5.3 Other MacCronUIIieNES ........c..oovvieeviiieieereieriere et erveeeteeen e eve e 333
14.5.4 MICIONULTICIILS ......vviovviievii ettt ere v et sereeerve et erseeevesenres 333
146 TALESLYIC c.ocviiiii ettt ettt ettt r b ettt ere 334
REFEIEIICES ..ooivii i ettt sttt eaaeas 336
Case BIBLIOZIAPIY ...c.veiviiiiiiiiiiricriecr ettt cvtetvecrvee e e r s e s et e e resreevaesveevaesvas 337

PART Il  Nutrition and Specific Disorders

Chapter 15 NUtritional ASSESSINCIIL.........c.ecrrereirrerrrerreireenriereeneeeesresrrersesssesseersessasssassesssasssessanns 341
15.1  Anthropometric MeaSUIremMeEnts ...........ccververeerrerrerreeeenreesrenseensesseeuesseenesnes 341
15.1.1 Body WEIZht.....cocovooiiiiiiiieiicec ettt e 342

15.1.2 Length and Height..........cocoovvioiiiiiiiiiccccccecce e 342

15.1.3 Body Mass INACX........ccoeviiveiriiriiiieinreenresreesresvee e evvesvesvvesvecrnennees 342

15.1.4 SKinfold ThiCKNESS.........coveevvirriiriiiieisrienrceiesreeree e evvevecvverveernenvees 342

15.1.5 Head CirCumierence..........covveveeeenriereenrieniesreesiesrieieevvevesveervecrnenvens 343

15.1.6  Midarm Muscle Circumference ...........ccovvveveneevenecvernecvernecnennes 343

152 Clinical EValUAtion .............cccoovveieiiiie e e eceee e see v saesvaevaeeve 343
15.2.1 Medical HiStOIY.....ccoviieiriiririeecntieeenriesresreestesveevaesvvesvesveesveernenvens 343

15.2.2 Physical EXaMination.............cccevveevievvenrienrinienresiesesvrenesvvevecrnennees 344

15.3  Laboratory ASSCSSINENL ........ccueueieerueereerenreerrenrenseerrenssessesseessessesaesseeseesnes 345
15.3.1 Assessment of Body Protein Status.........ccoeveveeieveiienecececnennns 346

1532 Body Fat ..o 348

15.3.3 Immune FUNCHON ........ccocoviiiiiiieiiieeiercce et cve e evn e 348

15.3.4 Nitrogen BalancCe..........cccovevviiiiiiniiireinicnesiesresvveiesvveve e evecvnenvnns 349

15.3.5  LAPIAS ettt s 349

15.3.6 Other NULTICTIES ......cvvevveivecrececiee et sresvee e svvervesvaerveernenvees 349

15.3.7 Nutrients Involved in Hematopoiesis .........cccvevveevevvecvernececrnecnennnns 349

154 DACtary ASSCSSINCIIL ........ccvvevveerierieirecreereevenreereesrenseerranseessesseessessesseesseeseesnes 350
RETETEINCES ..ottt ettt et eete ettt et srvaesbte s e svaaeaesssnaesaessssesrsasnsaens 350
Chapter 16 Obesity and Eating DISOTACTS ............cocevviirienrierieniiiiese e e cvvevecvesseesnessessaseenseens 353
161 ClaSSIfICALION .......eeveivieiectieiiectietiecre e e cvesveeveeress e e e ansaeseesseestesseesaesveesaesaes 353
16.2  Pattern of Fat DePOSItION........cc.coveiiiieiiiiececieecceee et eve 355
163 PrevalenCe......ccccviiiieiiicieceiece ettt cvr et r et s r et sva s eaee 355
16.4  Causes Of ODESILY ....ecvvivveciieiie e ctteie e e eteer s e ae e es et e sraesaesveevaeevee 357
16,41 CalOTICS.....ecvvecvierrecreceie e creeeeeeeenr et ess e stesseestesveessesbsesaesreasvesrnensens 357

16.4.2  GENELICS ...vvovvecvietiecreciie e eveee e e e et e e asssestesseestesveesaesvsessesrnarveernensens 358

16.4.3 Brown Fal......cccoceiiiiiiiiiececececceee ettt st s eve e veernenve s 358

16.4.4 Lipoprotein LIPASE ...c.ccoeevveiveireieiiiieesriesriesiesresrvesvesvvesvesvvesveernennees 359

16.4.5 ATPASE ..cvoovvecviciie ettt ettt esve e svesveevaesvtesaesvaeraeernenaens 360

16.4.6 SELPOINL ....ccveiiiiiiiciicie et st svverbesraes e ernenaees 360

16.4.7 Role Of HOITNOMES. ........covvviiiiiiiiiiiiieeiiee sttt sve e 360



Xiv

Chapter 17

Contents

16.5  AsSeSSMENt Of ODESIEY .....c..cvveivieieieiiecreciereeeee et e sveevaeeveevaesves 363

16.5.1 Body WEIZht......oooiiiiiiiiiii et 363

16.5.2 Body Mass INACX......c.ccoevuiiviiiiiriiiiienrienrisreesresvee e svvesvesvvesvecrnennees 363

16.5.3  SKinfold ThiCKNESS.........coveivviriiriiiiiinrienriereesre e sreevrevecvverveernevees 364

16.5.4 Other TeChNIQUES ....cvcovveviiiiiiiiicieeec e svvevecrr e 364

16.6 Medical COMPLCATIONS.......cc.covverieieiiecreeieneeieerenreeeenr e sreeseesseesaesveesaesaes 365

16.6.1 Waist CirCUmMICIENCE .........covviiriererrieeierieee et eve e e ernenaeas 366

16.7 Diet and Other Strategies for Weight Reduction...........c.ccccoevevevveviecvennenne. 367

16.8  Fad DILS ..ottt ettt e 368

16.9 Alternative Medicine for Weight Reduction..............ccccecvevveevinenievie e, 368

16.9.1 Seaweeds for DACEIS ......coivviiiieiriieeisr e s eve e e ern e 368

16.10 PharmacOtherapy .........ccceevveieiiiiececie e eieneeveneesseeensseseesseessessaevaesveesaesves 369

16.11 Eating DISOTACTS ......ccvveevecrieiiecrierie e ciecveevenieevesreseseassseseesseessesseesaesveeseesves 371

16.11.1 ANOrexXia NEIVOSA....c.vcceerriirrereirenrierenreesresseestesseessesreessesreesvessnesens 372

16.11.2 BUlimia NErvOSA......coucceeveiririieeiieeenseensesseesresveessesvvesvessvesvessnennees 373

16.11.3 BInge EatiNg ........ccoveiiiiiiiiriiiieccieeesr et svee e svvervesvvesveernenvees 374

16.11.4 Night Eating DIiSOTAEIS........c.covevveriirenrienrieriesieeiesveevvevecvveveernenees 374

16.11.5 Baryphobiad .......cc.cccveviiiiiiriiriiieciieeesr et sevee e svee e svvervesvvesvecrnenvees 374

TO.11.6 PACA ..ottt s 374

16.11.7 Miscellaneous Eating DASOIders .........cccevvvevenenienecienecievecnenes 375

RETETEINCES ..ottt ettt et eete ettt et srvaesbte s e svaaeaesssnaesaessssesrsasnsaens 376

Case BIBLIOZIAPIY .....cooviiviiiiiieiiciect ettt cvteve e e e rerasn e s s e resreebaesveevaeevas 378

Cholesterol and DySHPIAemia ..........ccvveveevieieiecie et s ene 379

171 CROICSIEIOL.......ocviceietiece ettt et r et sve e st svaevaeevee 379

17.1.1 FOO SOUICES ....cvviivecviecreeereeieeieeeenreeeesreentesseestesveessesvsessesreasveernensens 379

17.1.2 Body CholeSterol.........cocoviiviiiiiiiiiiiinrienriereesreevee e evvevesvverveernenvees 380

17.1.3 FUNCHIONS ...ouveivicviecvieie e e e ceeeeseee s e s aeseestesveesvesvsesvesrvesveernensees 380

1714 SYNERESIS....ccviiviiiecrieie et cie et et sresveesvesvaesaesrvesaeerneneees 380

17.1.5 Cholesterol Degradation.............cccccvevveereenenienenieiiesierneceeveenennnns 381

17.2  Lipoproteins and Lipid TransSport..........cccoveevvevvevverveireenrvenreneeniesreesiesveerne v 382

17.2.1 CRYIOMICIONS ...coveivvevveireereceeieieeseeeenreesresseestesreessesvsesvessvesveesnesees 383

17.2.2 Very Low-Density Lipoprotein ........ccccveveeveneeieviecverieceenecnenens 384

17.2.3 Intermediate-Density Lipoprotein..........ceveveveeienecierneciernecnennns 384

17.2.4 Low-Density Lipoprotein........ccccvevievvenrierenienesieiesvenecveevecvnenens 384

17.2.5 High-Density Lipoprotein ........ccceeevieveevrieniinienesiesecvveiecvvevecnenees 385

17.2.6 LIPOPIOEIN (@) ..cvveivveieireereeririieeieeeenseestesseessesveesvesvsesvesvvesveesnennens 386

17.3 Plasma Cholesterol and Risk of Heart Disease ........coccevvvevveeienenienecvvennenn, 386

17.4 The National Cholesterol Education Program ..............cccoceevenenvienecvvennenn 387
17.5 Plasma Triglycerides and Risk of

HEATT DASEASE ..vveivveivriecieciie ettt ervee vt eesve e srbeesvaesevaessbassaesssaessesnnees 388

17.6  Dictary Management...........c.ccveveiveerieeeerueneenrenrenseeeanssessesseessessesaesseeseesnes 388

177 DU TREIAPY ..ocvviiecviecieciecie ettt ettt esr et e v vaesveesaeeaes 390

17.8 Recent Studies on HDL..........cccooiiviviiiiiececerr e v 391

17.9 HypocholeSterolemia .. ........ccccveueiierieieiiecreieereceee et sresreesresvaeraeeve 392

17.10 Effects of Low Blood CholesSterol ............occevvevivveieieenierenieniesreesieevvevneenne 392

17.11 Alternative Medicine to Lower Cholesterol ...........c.cocvevvevenienenioviecvennene. 392

17.11.1 POICOSANOL ......oovviivieiieiiecie ettt svee v svvervesvvesveernenvees 393

17.11.2 BErDEIINEC .....vevvcvvecvieiie ettt eeve e e st e v svveraesvvesveernenvees 393

17.11.3 PRYTOSIEIOIS ....vvovvecveciie et ceee ettt st sveevaesvvervesveerveernenvens 394



Contents Xv

17.12 Inborn Errors of Cholesterol Biosynthesis ..........cccoeevvevvveviinienenieneciennennn 394

17.12.1 Smith-Lemli—Opitz SYNdrome............ccevvveverenienecieie e crenes 394

REFEIEIICES ..ooivii i ettt sttt eaaeas 395

Case BIBLIOZIAPIY ...c.veiviiiiiiiiiiricriecr ettt cvtetvecrvee e e r s e s et e e resreevaesveevaesvas 396

Chapter 18 OSICOPOTOSIS ...cveivviiveirreiecrrerteerrerreeresresseseessaeseesssessessesssessesssessesssesssssassesssasssessanns 397

18.1 Osteopenia and Bone Mineral Density ..........occevevviveivienenienenieie e ene. 397

18.2 Epidemiology Of OStEOPOTOSIS ..c..ccveivecreeierieerreirerreirenreeseesreessesseeseesveesaesnes 397

18.3  DHSCASE PIOCESS 1ovvviviiieriieie et ettt ettt ete et ere ettt erve et nsaeeresennas 398

18.4 Factors Contributing to Bone Mass..........cccocvevvivviriiieinienesieniesieie e e 399

18.4.1 Genetic Factors, Body, and Build............ccccoveviiviiiineiececrenn, 399

L1842 SR oottt ettt 400

18.4.3 Calcium INTAKE ........ooveieviiiiiieiieiie et 400

18.4.4 PhoSphorus INtAKE ..........coceevviruieeiiiieinrienrieieste e evvevesvvesveevneaees 401

18.4.5 Lactose INTAKE .........oovviivviiiiiiiieciiie ettt 401

18.4.6 Protein INTAKE ..........oovviiviiiviiiiieciie ettt eve s 401

18.4.7 Vitamin D INtAKC..........cooooviiiiiiiiiiieee ettt 402

18.4.8 Vitamin C INLAKE..........coviivviiiiieiriineieee ettt eve s 402

18.4.9 Vitamin K INtAKC..........ccoooviiiiiiiiiiiicceccee et 402

18.4.10 Magnesium INtake ..........coceeviriieiniieinriceciesresveeieevveve e eve e enveas 403
18.4.11 Other Nutrients—Folic Acid, Vitamin B,,, Vitamin A,

ANA SOAIUML......cooiiiviiiiiiie ettt r e eve e 403

18.4.12 Fiber and Related Substances............cooceoovvvivviieiiioieeiieeie e 403

18.4.13 Vegetarian DICt........cccccvvevuiieiiiiriniieeisrienresreesresveevaeevvesve e erveernenvens 403

18.4.14 Caffeine INtaKe .........coooviiviiiiieciiieeece e 404

18.4.15 Alcohol, Cigarette Smoking, and Drugs ...........ccceevevveviecviernecnennnnn 404

18.4.16 Trace EICMENLS ........oovvivvviiiiiiiiieciiie et ettt eve s 405

18.4.17 Organ Transplant.............ccccvveeeerrirriireenrienienienesreeiesrrevesveerveernennens 406

18.4.18 PhySiCal ACHVILY.....ccoviieiriireiriirenrietenreentesreesresveesvesrresvesreesveernenvens 407

18.4.19 Toxic Effects of Some Minerals..............cooovveieviioiiiiiecnneneeerecennn 407

REFEIEIICES ..ooivii i ettt sttt eaaeas 408

Case BIBLIOZIAPIY ...c.veiviiiiiiiiiiricriecr ettt cvtetvecrvee e e r s e s et e e resreevaesveevaesvas 409

Chapter 19 Nutritional ASPects Of DIADEIES .....c.covvivviirierrieriecie et crreie e e ervrere s aseenreens 411

19,1 ClaSSIfICALION .....oovviviiiiriicii ettt ettt ettt erve et rsaeeresennas 411

192 EPIdemiOlOgY ....ccviviiiviiieciieieciieie e ciecveeienieeveeres s ansaeseesseentesveevaesveesaesues 413

19.3  Diagnosis of DIADEIES. .....c..ccveiiiieiecie ettt evae v v v 415

19.4 Role of Adiponectin, Osteocalcin, Fetuin-A, and Melatonin........................ 415

19.4.1  AQIPONCCHIL......cviivievieireereceeiereeeeeeess et eereesresreesvesreesaesrvesveernenaees 415

19.4.2 OStEOCAICIN .....ovviiviiciiiieiii ettt ettt et err e ere s 416

19.4.3 FetliN-A ..ottt ettt eve e 416

19.4.4 MEIALONIN ....voovviiiiiiii ittt ettt ers e eve s 417

19.5 Mechanism of INSUlin ACHON .........c...ooviveviiiiiiieice e 417

19.6  Complications Of DIADEIES. ........ccueeveirieieiiiieeiererteee e sresreevaesveevaeeves 418

197 Dietary Management...........c.cccveveiveerueeeerueneerrenrenseeeanssessesseessessessaesseesaesnes 420

19.8  DACALY FACIOIS ....oovvicvicieciiecie sttt ettt er et sva e st svaevaeeve 421

LO.8.1 ENCIZY ovioviiieciietiectieie ettt et e ettt aeve e stesveesaesvvesaesrvesveernensaes 421

19.8.2 CarbOhYArate .......ccceeviiveiiiieiieeesrieeesr et erae e erveernenaeas 422

19.8.3  TAl.eiviiiiiiiiee s s s e e 423



xvi

Chapter 20

Chapter 21

Contents

19.8.4 PIOCIN ...c..ecvvecvieiie e ciie et ettt svesveevaesvbesbesrnasveernenvens 423

19.8.5 AICONOL......ooiiiiiiiiecticie ettt st e s besvve e ern e s 423

19.8.6 DiEtary FIDET ....cvcciiieiieciiieciiecsr ettt svvevesveerveernenanas 423

19.8.7 Vitamins and MineralS...........cccocvevvieveivriiniinienesie e cvveie e cnenees 423

199 PhySiCal ACHVILY ...ccvecvvirieeriecieciieiecrieie e cvecreeveeresnerans e s asseessesseesaesveesaeevee 424
19.10 Metabolic SYNAIOME ......ccveovveiiiiieiieie et eveevae v 425
19.10.1 Definition of Metabolic Syndrome...........ccccceveeveviecieniececnecnenens 425

19.11 Lifestyle Modification to Reduce the Risk of Type 2 Diabetes..................... 426
19.12 Alternative Medicing for DAADELEs ........c.covevvvevieiiiiieicricceenre e e 426
RETETEINCES ..ottt ettt et eete ettt et srvaesbte s e svaaeaesssnaesaessssesrsasnsaens 428
Case BIBLIOZIAPIY ...c.veiviiiiiiiiiiricriecr ettt cvtetvecrvee e e r s e s et e e resreevaesveevaesvas 429
Nutritional Aspects of Kidney DiSease.......coueeververrereieeniieeenreenienreeniesveevvesveevseones 431
20.1  Kidney FUNCHONS.........ccvoviiiiiirierieciectie e cvieiectiee e e st sveevaesveevae v 431
20.2  Chronic Kidney DISCASC.....c..ccvvevieieiieirecvicie et sreevaesveevae v 432
20.2.1 Nutritional Management ............c.coveerverrvenreneenesrieneeverveeuersecrnennens 433
20.2.2 Nutritional Management for Patients Treated with Dialysis............ 434

203 Acute Kidney INJULY ....cooviiiiiiciieciiciie et cee e er e v v v eve 435
20.4  NephrotiC SYNAIOME...........covevvievieiriiiecre e e cieiecieer e esresree e sreeseesveessesvee 436
20.5 Kidney Stone DISCASC.....ccvevviirierieiectie e crieiecieie e e eeasresreeseesreevaesveevaesves 436
20.5.1 EpIdemiOlOY ...c..ccvveveieiiriiriiiiirenrieneesseentesseessesveesnesvvesveevnesvessnesens 437
20,52 CaUSES.c.vecvietrectieriectecrecreevesreseesassaessasssestesseestesraeraesrbesbesraerbesrnanrens 437
20.5.3  ClasSifICAION ....c..eceiveirreiiereieee et et eestesreesresveeraesvaesveereerveerneneens 438
RETETEINCES ..ottt ettt et eete ettt et srvaesbte s e svaaeaesssnaesaessssesrsasnsaens 440
Nutritional Aspects of Genetic DISCASES.....coueiviireirreiiireiiieiereerenreene s sresveeae v 441
21.1 Carbohydrate MetaboliSIm .........ccccvevieieiieieciee et ene 441
21.1.1 Sucrose and Fructose MetaboliSm ...........c.cccveveevenecieneciernecnenns 442
21.1.2 Lactose and Galactose MetaboliSm.............cccceceeveneiieneciernecnennnnn 443
21.1.3  Glucose MetaboliSI..........ccoveeeevirriereenrienienienreeveerieevveveeveesveernennens 444
21.1.4 Glycogen MetaboliSI.........cc.coeevirriervenrienienrienieerreieevvevecveeveernenens 444

212 Amino ACid MetaboliSM ........c..ccveiiiiiiiiiiie et s 445
21.2.1 Phenylalanine ..........cccccveeoevreriireenrieneinreene e sresveeriesvvesvecveesveernennens 445
21.2.2 TYTOSINC ...vvovvecvveviecrecerecreevenreieeeensaeseesseestesseessesveesaesssessesrnesvesrnansens 446
21.2.3 HiSHAINE ..ottt e 447
21.2.4 Arginine and Ornithing............ccc.cevevvierieneniene e ciere e e cvnennns 447
21.2.5 ULCACYCIC oottt ettt eeve e sve v v svvesvesvaesbeernanvees 447
21.2.6 MEhiONINE .......coveieirieirreriiereiiieenreesteeseessesseesresveesaesvaesveernesvesrnesens 448
21.2.7 Valine, Leucine, and ISOLEUCINE .........vvvveveeeeieiieeeeeeeeeeeeeeeee e 449
21.2.8 Glutaryl Coenzyme A ACCumMulation.............cceevevueevervececrnecrnennnns 450
21.2.9 CYSUNUIIA .....ccvviveiieiecrreiecreieeeeeeee s eessaeseesresveesvesraesvesrvessesrnensees 450
21210 LYSINE 1uvecvvevveciievie e e e eieseeeeeenraeseaessestesseesvesvaesaesvsessesrnessesrnansens 450

21.3  Disorders of Lipid MetaboliSm.............ccccvveieiiireirinrcrriirenienrenreeneesvvevve e 450
21.3.1 Propionate and Methylmalonate..............cccoevereerveiecvernececrnecrnennnns 451
21.3.2 CAIMNILNC.......ccvereiecrecrreriereeerenr et eeseestesseesresveesaesrsesvesraesvesrsessens 452
21.3.3  Other ADNOIMALIEICS........coveereireerirrieeeeriese e sreeveeveevreveeveeveernenaens 453

21.4 Miscellancous Genetic DISCASES ......cveveeveieciereciiirerresrenreenresreeseesveevaeene 454
215 SUIMIMATY ..ccvviviiriiecrieier et ettt eettesveevvesveerves s esven s essasssassessesseensesseeseesuee 454
RETETEINCES ..ottt ettt et eete ettt et srvaesbte s e svaaeaesssnaesaessssesrsasnsaens 457

Case BIBLIOZIAPIY ...c.veiviiiiiiiiiiricriecr ettt cvtetvecrvee e e r s e s et e e resreevaesveevaesvas 458



Contents Xvii
Chapter 22 Nutritional and Metabolic Effects of AICODOL..........c.ccccovviiiiiiieciiiiccnecceeens 459
221 EPIdemiOlogy....cc.covieiiiiirieiiistieriectectresveevteiectveve e e s s as e sraesesreebaesraeraeeaes 459
222 ADSOTPHON c..vevveivriiecerieier ettt eette e vt sveerves e esaeressas s assessesseessesveesaesree 460
233 DASHIDUION .....eivriiier ittt evveeveevtesbecrvesvaere e ressassnensaesesseeseesveereesvas 460
224 Nutritional Significance of AICOhOL............cccecviviiviiiiiriiecee e, 460
22.5  AlcOhol MEtaboliSI .......c.ccvviirieriecrieiiecre et crecvieie e e e srenreesresveesresveevaeeve 461
22.5.1 Cytosolic Alcohol Dehydrogenase Pathway ............ccccoveevirneinennn, 461
22.5.2 Microsomal Ethanol-Oxidizing System.............ccccoeevevveevecrrecrvennnns 462
22.5.3 Peroxisomal Catalase .........ccccoveevvieveervinrieniieiene e srecvvevecvvevecrnenees 462

22.6 Rate of Alcohol MetaboliSm .........cccccveieiiiieiiiieceiee e s 463
22.6.1 Gender DIfference ........o.covivveiieeieiieiicriese e cvveve e e evn e 463
22.6.2 Ethnic DIifferenCe ........coooviviiiiieierieiicriese e cvvesve e e cvneveas 464

227 Metabolic Effects of AICOhOL ..........coovviiiiiiiiiiciccs e e 465
22.8 Effect of Alcohol on the Body........cccooviiiiiiiiiiiiiiincceeesreve e e 466
22.8.1 Neurological DASOIAErS.......cvcoveevirrieiiirieniecriesecrieiecvreve e e erneenas 467
22.8.2 LAVET oviiiciicie ettt ettt v et s st vt sra e eraesbeernenaaas 468
22.8.3 Cardiovascular SYSIEIM ........c.coveverreereenrienreereenreereesreevvervecrvesvecrnenees 468
22.8.4 Gastrointestinal DASOIAErS.........covevveeviirieniiiiene e cverecvveiecvnenees 469
22.8.5 Immune SYSEIML.......coecviiviiiirriirinrienteereesteereesresrreraesvvesvecreerveerneneens 469
22.8.60 CANCEL ...c.vvivecvieiie ettt eie et et es et eve e sbesveesaesvvesvesrvesbeernansaes 469
2287 FRUUS .ooviciiecie ettt et st vt s v e ernanae s 469

22.9 Nutritional IMPHCAIONS ......c.ccvvevveirieieiecie e e ciere e e s e sresveevaeeve 470
22.10 Health Benefits of AICONOL ........c..ccvvviiiiiiiicice e 471
22.11 AICOhOl DEPENAENCY .....oovviviirieriecie et ctieiecrveie e e et sreevaesveevbeeves 472
22.12 Alternative Medicine for Alcoholism and Alcohol Hangover ...................... 473
22.12.1 AICONOLISII ......vcvvecvveriecircie ettt eeve e s svre v svvesveevvesbeernanvees 473
22.12.2 AlcohOl HANZOVEL.......ccovioviiriiiirierieeierieste et st evvevaeevvesveevnesveerneneens 474
RETETEINCES ..ottt ettt et eete ettt et srvaesbte s e svaaeaesssnaesaessssesrsasnsaens 476
Case BIBLIOZIAPIY ...c.veiviiiiiiiiiiricriecr ettt cvtetvecrvee e e r s e s et e e resreevaesveevaesvas 478
Chapter 23 Nutritional Epidemiology ......cccccoviiiiviieiiiieieiniieiiiesienstiesreesieeerreseessaessnessvessseees 479
231  HiStorical PErSPECIVE.......ccvviviieiiecie et cvicte et sr v v vve v 479
232 Techniques/APProaches........cccvcveeiiieiecie e et s sveevaeeae 480
23.2.1 DeSCriptive STUGICS. ....ccvvirveiieiiirieieeeereesr et s evveveevveveernenvees 480
2322 Correlation STUAICS.........coveevreriieieieeierienriereesre e eteevveveevveveerneeees 480
23.2.3 Observational Studies—Case—Control............ccccveeveevevecierecrnennns 481
23.2.4 Observational StudieS—COonOrt.......cc.ccveveiieieiicie e 483
23.2.5 Experimental Epidemiology.........cccovvivviinenieneiieiecierececvecnennns 484

233 Epidemiological MEASUIES ........ccceveivveeeerierecrieieerenreresrenseessesseeseesveessesnes 484
234 Significance of Epidemiological Studies.........cccovvevvivvrererrrenrienenieie oo 486
23.5 A Few Examples of Nutritional Studies.........coceevevveeveeriireniienenieie oo ene. 486
RETETEINCES ..ottt ettt et eete ettt et srvaesbte s e svaaeaesssnaesaessssesrsasnsaens 487

PART IV Special Topics

Chapter 24 DIctary TIDET .....c...ooiiiiiii et 491

QAT FADCT ..ottt ettt 491
24,11 DlNIUON. .....vviiiiiiiiiiiie ettt ettt saae e 491



xviii

Chapter 25

Chapter 26

Contents

24.1.2 FOOM SOUICES .....ooovviiiiietii ittt ettt ettt eve et ens e eve e 491
24.1.3 Components of Dietary FIDer........ccccovvvvvviiiiieiicce e cieie e 491
24.1.4 MetaboliSm Of FIDET .....cc.coovviiiiiiiiiiiiecece e 493
24.1.5 Physiological EffeCtS .......ccccviiiiviiiiiiiiiicsriciesre e cvvevecvveveevnennees 494

242 FIDer and DISCASE .......oovviivviiiiiiiieetiiee ettt ettt v ettt et erreeenne s 494
24.2.1 Diseases of the Gastrointestinal Tract.............cccooevveivieeiiineeeneinns. 494
24.2.2 Circulation-Related DIiSCASes .........ooooveievviiviieiiieie e 496
24.2.3 MetaboliC DISCASES......covviiiiicriiectiiene ettt et ere et ers e eve s 497
2424 Other DASCASES.....cviovviieviiiiiectieetiiee ettt ettt ere et ers e eve e 498

24.3  Recommendations for Fiber Intake ............cc.ooveiiiiiiiieeie e 498
244 Overconsumption of FIDET.........cccccvvvviiiiiiiiiiecec e 499
REFEIEIICES ..ooivii i ettt sttt eaaeas 500
Antioxidants and Health..............ccooovooviiiiiiiiiec e 503
251 Free RaAICAIS .....covieiviiiviiiii ittt ettt ettt e erveeenne s 503
25.2 Formation of Free RAdiCalS ..........ccooovviiiiiiiiiiiecie e e 503
25.3 Free Radicals in Biological SYStEMS .......cc.coveeviirreiriinreriiiienrienesreervesveevve e 504
254 Protection from Free RadicalS...........coccoovviiiviiiiiiiiieecieeie e 505
25.4.1 Antioxidant ENZYMES ...........ccccevveieiieiecicie e creneceesnenseeseesnens 505
25.4.2 Antioxidant Small MOICCUIES............coveerviiiiieriiere e 506

25.5 Benefits of Free RadiCalS..........cocoeiiiiiiiiiiii et 507
25.6 Free Radicals and DASCASES .......c.ooevviiviiiieieii et eeetsene s evae e evveeenn e 508
25601 AQINE..oviiiiiiiiiiiiiiece ettt st ettesveetvesvestver e erbes e ers e e ersansne s aanenraans 509
25.6.2 CANCET ..ovviiviiiiieciii ettt et ettt et st as et rn e erbeeerae s 509

25.6.3 CAATACIS.......oovvieerriieiieereietiere ettt et e et ee e ete et eas s etaeserseerveeeree s 509
25.6.4 Cardiovascular DISCASC ........cocvvviivviiirieeiiieneeeere et eve e cereeeve e 510
25.6.5 BN ..ooooiiiiiiiiciiiciiccee ettt ettt bt 510
25.6.6 Reperfusion INJUr ........c..cceevveiieieiie e 511
25.6.7 Nitric Oxide and DHSCASE .....c..oovvviviiiiieeiii et eve e 511

257 Large Doses of ANIOXIAANTS ........cccccveieiierieiiereeeenrerreseenreeseesreeveesveevaesnes 512
REFEIEIICES ..ooivii i ettt sttt eaaeas 513
Toxicants Occurring Naturally in Foods and Additives ..........c.cccevvevenienenvenenn 515
26.1  Toxicants iN FOO ........ccoovviiiiiiiiieciiiceete ettt e 515
26.1.1 Naturally Occurring TOXICANES........ccveeeeverreerrerreerreneereenrenseeseensenns 515
26.1.2 Food CONtaminants ..............cc.eovveievveivrieerrioneeeeresenneiineeereesereeeveeennees 516

26.1.3 Substances That Are Toxic under Special Conditions...................... 522
26.1.4 Toxicants Produced during Cooking............ccoceeveevvereervenvrenvennnennnnns 523
26.1.5 Safety Of FOOAS.......coviiiiciieicciicie ettt crr e nnens 524

262 AQGIEIVES ....vviiviiiriiecre ettt ettt et ete e ettt e e eae et b as s eraeserreeraneeaee s 526
260.2.1  NIIEES .oovviivie ittt ettt ettt ere e eve e tesveseraesreeerbeeereees 528
26.2.2 Butylated Hydroxyanisole and Butylated Hydroxytoluene .............. 528

260.2.3  SUIILES ..ovviiviiciieciie ettt ettt et vs et re e erae et s 529
26.2.4 Monosodium GIUtAmMALe ............cceoovviivvieeiiiniieereiere et eve e 529
20.2.5 DHACELYL c.veivviieiiieieiieect ettt sttt sve et ve e ves e ers e e ersansne e aenenreans 530
26.2.6 Carmine and Cochineal ...............ccccoovviveviiiiiiiiccrieee e 530
26.2.7 INENSE SWEEIETICTS .....ooviiieriiveietie i ereeetre e e e ereserserssereesereeerbeeesee s 531
26.2.8 FAt REPIACEIS ..ocvivviiiiiieciiecccce ettt et e r e nrens 532
REFEIEIICES ..ooivii i ettt sttt eaaeas 534

Case BIBLIOZIAPIY ...c.veiviiiiiiiiiiricriecr ettt cvtetvecrvee e e r s e s et e e resreevaesveevaesvas 535



Contents Xix
Chapter 27 Vegetarianism and Other Popular Nutritional PractiCes..........oveevvevvevvenveerriireennnnns 537
271 VEQEIATIANISIIL........veevierierieeestiereecreetieeveevteevecrvesvaesveseessasssanssesesseensesseeseesses 537
27.1.1 Potential RiSKS.........coceeviiiiiriiiiiriiiieisriestisvee e srecvvesvecvvesvecrnenvees 537
27.1.2 Potential BenefitS.........coccoviiviiiiireiiiiiiiiriesrieiese e e evverveevveveernennees 539

272 Mediterranean DHEt.............cveviievieieiie et ciee et s evae v v 540
273 KOSHEI DHEL...c.ueiviiiiiiicie ettt sttt sr e v vaeevee 540
274  Z.en MacCrobiotiC IDICE .....cvevvvievieiiecie ettt evae v vae v 541
27.5 One-Emphasis DICES .......ccevvviciieieiiiiece et cieie e esr et s sveevaeeve 541
27.6 Organically Grown FOOAS .........cceviiiiiiiiiiicice st s 541
27.6.1 Nutritional SUPETIOTILY ......cccvevveevirriereiirienieeteeseereeieevveveeveeveernevnns 542
27.6.2 Safety of the FOod SUpply .....ccccovevviiviiviiieiiece e e 543
27603 TASLE veevvecviecreciieiectreie et eve e e e e e sr et e st e v e st ebae st sraesbeeraesbeernenrees 544
2704 COStururiiiicriicie et cre e et a et e st et e st bt e st srbesbesrbesbeernenbaes 544
27.6.5 Standards for Organically Grown Products.............cccceeveevverneinenns 544

2777 NAUIAl FOOUS .....oiiviiiiiiiiiciicctietece ettt ctee et sv v svaevae v 545
27.8 Health FOOUS........coviiiiiiiiicct ettt ettt sr e v vaeeae 546
27.9 Megadoses of Vitaming and NONVItAMINS .........ccccovevververrrenreenrenreeiesreenennes 546
27.9.1 Megadoses Of VItAMINS.........coveevevrierveirieniesieniesreeiecvveveeveeveernenens 546
27.9.2 NONVILAININS ....vovveiviiieireiecreieeeeeeeseeeseesseeseessesveessesvsesvesssessesrnesens 548

27.10 Hait ANALYSIS ...coviiviiiiiieriirictieriecreette e cvtecteerveve e e esras s ansaessesseesaesveevaesvee 548
RETETEINCES ..ottt ettt et eete ettt et srvaesbte s e svaaeaesssnaesaessssesrsasnsaens 550
Case BIBLIOZIAPIY ...c.veiviiiiiiiiiiricriecr ettt cvtetvecrvee e e r s e s et e e resreevaesveevaesvas 551
Chapter 28 Nutritional Aspects of BiotranSformation ..............c.cceeceevveeveiieiecreenecrrenreenresseennenns 553
28.1  DetOXICAUON PTOCESS ....vvvviveiiieeriieiieirieieeeresveestiesrresseesssessrasssesssesssessseees 555
28.1.1 Phase T REACHONS .......covvveiiieeriiiiieiiiecieceiecieceiie e svveeevaeneesveennes 555
28.1.2 Phase IT REACHONS ......ccovveerieeriiriieciieciecerierieceiiecressvesevaesrraessesnnes 557
28.1.3 Miscellaneous REACHONS ..........covvveeviereeerieieiniieceieeveeeriesrreesseeennns 559

28.2 Factors Affecting DetOXiCAtION .........c.ccceeverveiierreireineerresrenreeneesreeseesveevaesnes 560
28. 2.1 GONELICS ...vvevveivierrecrecevecreevervreieeeansaeseasseestesseessesveesaesrsesaesrasssesrnansens 560
28.2.2 Age and GeNACI..........ccovevviviiiiiiiieiieeiereeste e sreevreraesvveve e eraeerneneeas 561
28.2.3 DICATY FACIOTS veovviievieiiieciiecriiectiecreecvecerteriecevaeeenressvasvaesrnasssesnnnes 563
28.2.4 DIHSCASE vevvveerriecreeireeieeetieetreesiessssessraessesestesrseassaesssaesssesssesssaessesnsees 564
RETETEINCES ..ottt ettt et eete ettt et srvaesbte s e svaaeaesssnaesaessssesrsasnsaens 565
Chapter 29 NUITACEULICALS .....c.vvivvviiciieciieeiieetie et eecte ettt eetveerrestvessseesrraessesssrersessseesssnesssensseees 567
201 INLrOAUCHON ...ovecvriiiee ettt et cvterbe e baern e r e e s e e sraesesseeseesveeraesvas 567
20.2  Interest in NUITACEUIICAIS.......ccvveviiiiiiiececiie e et s vae e 568
29.3  Fruits and Vegetables with Health-Promoting Properties.............cccccvvennenne. 570
20.3.1 Foods RiCh in FIDET ........coecvviiiiiiiiiiiciiciiccse e cvevecvr e 571
20.3.2  SOYDRANS....c.cciiiiiecie ettt ettt ste s e svesvreraesraesbeeraesbeernenaens 572
20.3.3  Cruciferous Vegetables..........ovvvvievieiiiriiniiciese et cvvevecvveiecvnennes 574
29.3.4 Tomatoes, Autumn OLive BEITIES .......vvviivevveieeeeeeeeeeeeeeeeeeeee v 575
29.3.5 Yellow and Dark Green Vegetables.........oococveveivveieiienececnecnennnns 575
20.3.0  GIAPES c.vevveveciveiiectreie e eve et e e e e ae st et et et e e sbesbeeeaeeraesbeerbesbeernenraes 576
20,37 BEITIES cviviivieciieie ettt aev e stesve e sve v raesvvesbeevaesbeernenaens 576
20.3.8 CRCITICS ...vveovecvveiie ettt ees et et stesveesaesvaesbeevbesbeernanvaes 577
20.3.9  CRIUS FIUILS....c.voviiicie ettt e ve e e ern e 577

29.3.10 Evening Primrose Oil and Olive Oil...........cccccceeveieiievecicnecrenn 578



XX

Chapter 30

Contents

29.3.11 Garlic and Related Vegetables .........ccoevvvecieneiivcie e cecve e 579
29312 INULES ettt ettt ettt sttt et ettt sttt neen 580
20313 TEA vttt et 580
29.3.14 ChoOCOIALE.......c.oiieiitiitcie ettt 582
29.3.15 Miscellaneous Foods and Their Active Components....................... 582
29.4 Need for Additional Research .............ccccovveiviiiiiiiinicriscseesese e e 583
20.5  SEATOOM . ....ieiieiiie ettt ettt 584
29.6 Use of Biotechnology in the Food Industry ..........cocovevvivviivicneniine e 584
29.6.1 Controversy Related to Genetically Modified Foods........................ 585
29.6.2 Genetically Altered Animals Get Closer to the Table ..................... 586
29.7 Dietary Modulation of Colonic MiCroorganisms................ccceevveeveenresrvernennns 587
29.7.1 Preparation of Yogurt at HOME ........ccccvvvvieieneiiene e cieie e 588
RELETENCES ..ottt s 590
Case BIBLIOZIAPIY ...c.veiviiiiiiiiiiricriecr ettt cvtetvecrvee e e r s e s et e e resreevaesveevaesvas 591
Alternative Medicine: Dietary Supplements...........ccoveevevvevveerenrrenieneneeiesveeveones 593
30.1 History of Supplement Regulation in the United States..........c.occevvevveenennenn 594
30.2 Safety and Efficacy of SUpPIEmMEents ...........cccocveevvevvievenenienecrieiecveveevnenes 595
30.3 German Commission E REPOTt ........ccovvvviviiiiniiciicicse e 598
304 Beneficial EffeCts. . ..ooooiiiiiiiiiiiie st 598
30.5  SUPPICIMENLS. ....cveiieieciieiiectreie e e e e e e et e et e stesveesvesvbesaesrbesvasrnansees 599
30.5.1 Supplements for Weight LOSS......cccevveieivieieceecienecreseereeeee s 599
30.5.2 Coenzyme QIO .......coveiviiirieieciicie st cvee e e e sr e eenraens 599
30.5.3 DechydroepiandrOStEIONE ..........ccveeeeveerecierrecrerreerrenreersennessessnensenns 599
30.5.4 ECHINACEA ....cveviiiiiieiiiit ettt 600
30.5.5 GINSCNE....cciiiieeiiiiirieeectiette st eettesteetreevestvesbeervesbaersanseessansnessaassenseans 600
30.5.0 GINKEO..cuiiiiiieiiiieeiietectieste st sevtesveetresvestvesveesbesbeesves e essansnansaeeenseans 600
30.5.7 Glucosamine and Chondroitin Sulfate ...........ccceveevvevvirinveniienrennnns 601
30.5.8 KAVA....iitiiiiiiiet ettt et 601
30.5.9 MAHUANZ .....cooovviiiiiieiectiecectee sttt cve e veeeve e e assnesaenenseans 602
30.5.70 MEIAtONIN ...covoiiiiiieiieie ettt 602
30.5.11 SAME. ..ottt 602
30.6 Adverse Effects of Dietary SUppIEmMEnts...........ccoevveveneiieneciernecvenneenennees 603
30.6.1 Herbal Ecstasy and Parkinson’s Syndrome.............cccccocevvverveervennnas 604
30.6.2 Asian Herbal Medicines and Adverse Effects .........ccccocvvveviiviennnnns 604
30.6.3 Valerian and Withdrawal Symptoms ..........ccccceeveevveiverinrreniineennnens 605
30.6.4 St. John’s Wort and Adverse Reactions............coceeovevvevvevvecnviineennnnns 605
30.6.5 Mu Tong and Nephropathy.............cccceevevvieieiienecrineceeseeneeeneenneens 607
30.6.6 Saw Palmetto and Liver DiSease ......c.cccccvveiveevverrecrvereervenrenveennennnens 607
30.6.7 Dong Quai and Hypertension...........c.cccevereeverreerreneereenrnensesneennnnns 607
30.6.8 Kombucha Mushroom and Coagulation Disorder ..............c.ccevennenns 608
30.6.9 Herb—Herb and Herb—Drug Interaction............cc.cccccovvevvevvvenveervennnns 608
30.6.10 Copper and Liver TOXICIEY ........ccvevvevveeecieiecieecveneeeesnenseeseenseens 608
30.6.11 Creatine and Renal FUNCHON ............c.ccceevvivieiieniciineceecee s 609
30.6.12 Chromium Picolinate and Renal Failure...........cc.coccovvivvivveniienennnnns 609
30.6.13 Tryptophan, 5-Hydroxytryptophan, and Eosinophilia—
Myalgia SYNAIOmE ..........ccvevveeeiieiecierieceer e eeresree e sveeraeeae 609
30.7 Alternative Medicine and CancCer..........cccvevvvevevvveniineenesienecrvevecvveveernenees 610
30.8 Supplements and the Elderly—Is There a Need? ........ccccovvevevveieciernecnennns 610
30.9 Why People Use Alternative Therapies..........cevvevvrevenenieneniernecvernecreennees 611



Contents

Chapter 31

Chapter 32

xxi

30.10 The Role of PRYSICIANS ......ccccvveieiiiiieiiiectiiecsr e sveesvesveevvesvvesvecveerveevnenvnns 611
30,11 CONCIUSION ...ttt cte e cve e e et e et e tesaeestesveevaesvbesaesraesvesrnansens 612
RETETEINCES ..ottt ettt et eete ettt et srvaesbte s e svaaeaesssnaesaessssesrsasnsaens 614
Case BIBLIOZIAPIY ...c.veiviiiiiiiiiiricriecr ettt cvtetvecrvee e e r s e s et e e resreevaesveevaesvas 615
Gene—Nutrient Interaction—Molecular Genetics, Epigenetics,
ANA TEIOMNETES .....eeveeirieivecetie et etieet e ereeeete et eerveestesrbaessaesssressassssessrnanseessssesssensseens 617
31.1  Gene—Nutrient INEEraCtion.........c.coeevvererreeriireenreenrenreeseereesreevvevecrveveernennees 617
3111 Molecular GENELICS .......ccvvevveerierieerieriecrecriecrecveveerveseersassnesaeseenseens 617
31.1.2 DNA SHUCUIE ...ccvvevieierieiestierieerietreeveetvesveervesveesvessessassnessasssensenns 617
31.1.3  CRIOMOSOMES......cviviirerierienteereesreetresreesvesvecsvesseessanseessassnensasssensenns 618
3114 GEnetiC COUC...cviiiiiiiieciietieciiere ettt ctveve e e err e e essasne s aeseenseans 618
31.1.5 Gene Structure and FUNCHON ..........cc.cccoovviiviiveniiiiiecriceeeieeeenens 618
31.1.6  Genetic VariationS ..........c..ccveeveveieeieeeciervecresseersenseessasssessesseensenns 620
31.1.7 Mitochondrial DNA and Inheritance ............cccoveevvevvevvinvnenveeneennnns 621
31.2 Effects of Nutrients on Gene EXPression ..........cveevevevenvenenierecvernecreennees 622
31.3  Genetic Variation and NULTIHON .........coveeeerriireinrieneseenesveeiesvveiecveeveevnenvens 622
314 EPIZENCIICS. ..cvviieitieriecrieriecteciecreeveeevessessesasssestesseessesseesaesssessesrassvesssensens 623
31.4.1 Effects of Environmental Factors on Gene Expression ................... 624
31.4.2 Effect of Supplements during Pregnancy.........co.eeeveeeevveeveenveeneennnns 624
31.4.3 Effect of Malnutrition during Pregnancy.........ccccccceevvevvevvenvieneennnns 625
31.4.4 Effect of Traffic Pollutants during Pregnancy ............ccccoevevvvevvennnnns 625
31.4.5 Effect of Environmental Chemicals during Pregnancy ................... 625
31.4.6 Exposure to Environmental Chemicals and Obesity ................c..... 626
31.4.7 Effect of Father’s Exposure to High-Fat Diet on
Female OffSPring ........ccccecveeveieiieieciineceicrcreeresveeseesveevvesveevae v 626
315 TRIOMEIE ..cvvivieiecictie ettt ettt sv e stesveebaesvbesbesvaesbeernansens 627
31.5.1 Structure and FUNCHON.............cccooveeveieciiie e 627
3152 LD oo ern et eenrans 627
31.5.3 Telomere Length and Health............c.ccooiiiiiniiiiiiciienceeees 627
31.5.4 Factors That Accelerate Telomere Attrition...........ccoeveevevvverveereennnnns 629
31.5.5 Factors That Slow Telomere Atition .........ccoceeveevveeeereinveeneineennnens 629
31.6 Longevity Based on Walking Speed .........cccovvivvieveiiineiieie e cecve e 633
DEINIONIS ..evvvievveirieciiectieet e eecte et eerteettesrbaesseessseessesessesrrrasseessssesssessssessseessasnsees 634
RETETEINCES ..ottt ettt et eete ettt et srvaesbte s e svaaeaesssnaesaessssesrsasnsaens 634
Personalized Nutrition and Personalized MediCing ..........ccovvvveeevivernvenvecovenvennnne 637
32.1 Personalized NUITTHOMN ...c..vvvveiecieiiieciecetiecrieevvesvrerraeeteeenesrveessaesssressvessnens 637
32.1.1 Single Nucleotide PolymorphiSm..............cocceoveeveervinecrinirenrieneennnns 638
32.1.2 Nutrigenetics and NUITIZENOMICS ......cvevevverrrrereeereerreniecereesveneveens 638
32.1.3 Personalized Dietary Recommendations .........ccccceevvvevvecevvenvenennns 644
322  PhATMACOZENELICS .. .vvecvveerieerreecreeerrieieentiesrressuensresrrasssesssssersessseesssresssensseees 645
3221 WATTATIN oottt ettt st eve e esvaaevae s rnesvbasavae s 647
3222 COURINE.....cviirieieieiieeectiettestete e etresvestvesveervesbeers e seassansnesaeseenseans 649
32.2.3 HETCEPUM ..vvveevvieviecerieciecetierieeettecnreevvesesaesrraesseesssersaassaessrnesssessaees 649
323  Personalized MEdICINE .......covviveveiiienieiniie e ciieeiienreesseceresrveassaessnsessvesneens 649
324 Genetic Testing Benefits and CONCEINS.........cc.eevvevvieieneiienecieiecieveerrenns 650
RETETEINCES ..ottt ettt et eete ettt et srvaesbte s e svaaeaesssnaesaessssesrsasnsaens 652



