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Primary Sclerosing CholangitisPrimary Sclerosing Cholangitis



Chronic Liver DiseaseChronic Liver Disease

ComplicationsComplications
Fluid retention Fluid retention ––

 
ascites and peripheral edemaascites and peripheral edema

Encephalopathy Encephalopathy --
 
confusionconfusion

Gastrointestinal bleeding Gastrointestinal bleeding ––
 
varicesvarices

Cholangiocarcinoma and Cholangiocarcinoma and HepatocellularHepatocellular
 carcinomacarcinoma

MalnutritionMalnutrition



Malnutrition is common in cirrhosisMalnutrition is common in cirrhosis

Deficiencies of vitamins and minerals may develop Deficiencies of vitamins and minerals may develop 
in chronic liver disease without cirrhosis in chronic liver disease without cirrhosis ––

 Primary Biliary Cirrhosis and Primary Biliary Cirrhosis and Primary Sclerosing Primary Sclerosing 
CholangitisCholangitis

Other deficiencies can be present if Other deficiencies can be present if 
Inflammatory Bowel Disease is present Inflammatory Bowel Disease is present ––

 
CrohnCrohn’’s s 

DiseaseDisease



MalnutritionMalnutrition

GeneralGeneral risks for malnutrition in chronic risks for malnutrition in chronic 
liver diseaseliver disease
SpecificSpecific risks for malnutrition in primary risks for malnutrition in primary 
sclerosing cholangitissclerosing cholangitis

Lipids Lipids –– fat metabolismfat metabolism
Vitamins Vitamins --A,D,E,KA,D,E,K
Bone disease in chronic liver diseaseBone disease in chronic liver disease



Nutrition in Liver DiseaseNutrition in Liver Disease
 ““FactsFacts””

●●
 
Malnutrition is common but frequently Malnutrition is common but frequently 
““underdiagnosedunderdiagnosed””

●●
 
Malnutrition is multifactorial Malnutrition is multifactorial 

●●
 
Degree of malnutrition correlates to the severity of Degree of malnutrition correlates to the severity of 
liver disease liver disease 

●●
 
Malnutrition is universal in patients with endMalnutrition is universal in patients with end--stage stage 
liver disease waiting for liver transplantation liver disease waiting for liver transplantation 
regardless of the etiologyregardless of the etiology



●●
 
Malnutrition can be diagnosed in 25% in Malnutrition can be diagnosed in 25% in 
patients with cirrhosis. patients with cirrhosis. 

●●
 
Malnutrition is present in > 60 % in Malnutrition is present in > 60 % in 
patients with complications of cirrhosis.patients with complications of cirrhosis.

●●
 
Moderate to severe malnutrition is found Moderate to severe malnutrition is found 
in > 80% of liver transplant patients.in > 80% of liver transplant patients.

Campillo B Nutrition 2003
*Alvares-da-Silva MR Nutrition 2005



““MultifactorialMultifactorial””

Poor dietary intakePoor dietary intake

●●

 

Anorexia, hospitalizationAnorexia, hospitalization

●●

 

Dietary restrictions (Na and protein)Dietary restrictions (Na and protein)

●●

 

Ascites / encephalopathyAscites / encephalopathy

●●

 

Increased in inflammationIncreased in inflammation



Nutrient malabsorptionNutrient malabsorption

●●

 

Cholestatic liver diseaseCholestatic liver disease

●●

 

Excessive protein losses Excessive protein losses 

MedicationsMedications

●●

 

Neomycin, lactulose, Neomycin, lactulose, cholestyraminecholestyramine, prednisone, prednisone

IatrogenicIatrogenic

●●

 

Large volume paracentesisLarge volume paracentesis

●●

 

Sodium and protein restrictionSodium and protein restriction

““MultifactorialMultifactorial””
 
continue..continue..





PSC PSC --
 
Cholestasis Cholestasis 

““lack of bile flowlack of bile flow””

●●
 
FatigueFatigue

●●
 
Pruritus Pruritus ––

 
itchingitching

●●
 
Diarrhea Diarrhea --

 
loose fatty stools (Steatorrhea)loose fatty stools (Steatorrhea)

Foul smelling, flatulenceFoul smelling, flatulence
●●

 
FatFat--soluble vitamin deficiencies (A,D,E,K)soluble vitamin deficiencies (A,D,E,K)

●●
 
HyperlipidemiaHyperlipidemia

●●
 
Metabolic bone diseaseMetabolic bone disease

Bone painBone pain
Bone fracturesBone fractures



Hyperlipidemia in PSCHyperlipidemia in PSC

●●
 

Triglyceride levelsTriglyceride levels

●●
 

Cholesterol levelsCholesterol levels

●●
 

May develop May develop xanthomasxanthomas
 
and and xanthelasmaxanthelasma

●●
 

Not associated with Cardiovascular mortalityNot associated with Cardiovascular mortality





VitaminsVitamins



Vitamin AVitamin A

http://images.google.com/imgres?imgurl=http://www.nysopep.org/ImagesforPages/Prevention/Prevention_VitaminA.jpg&imgrefurl=http://www.cheapfootball.info/vitamin-a.html&h=300&w=300&sz=16&hl=en&start=9&um=1&tbnid=QonDRLyr_EPAJM:&tbnh=116&tbnw=116&prev=/images%3Fq%3Dvitamin%2Ba%26um%3D1%26hl%3Den%26sa%3DN


Vitamin AVitamin A

●●Absorption requires fat Absorption requires fat 
and bile acidsand bile acids
●●Serum levels are Serum levels are 
frequently low frequently low --

 
82%

●Antioxidant
●●Occasionally symptomaticOccasionally symptomatic

EyeEye
SkinSkin
BoneBone
Immune systemImmune system



Vitamin AVitamin A

●●Eye Eye ––
 
xerophthalmiaxerophthalmia

●●Skin Skin --
 
hyperkeratosishyperkeratosis

http://images.google.com/imgres?imgurl=http://www.cehjournal.org/images/ts020010.jpg&imgrefurl=http://www.cehjournal.org/extra/ts02_10.html&h=531&w=822&sz=56&hl=en&start=22&um=1&tbnid=pdlPgDC2X5yEcM:&tbnh=93&tbnw=144&prev=/images%3Fq%3Dvitamin%2Ba%2Bdeficiency%26start%3D20%26ndsp%3D20%26um%3D1%26hl%3Den%26sa%3DN


Vitamin EVitamin E

●●Absorption requires fat and Absorption requires fat and 
bile acidsbile acids
●●Prevalence is 17%Prevalence is 17%
●●AntioxidantAntioxidant
●●Significance in PSC is Significance in PSC is 
unknownunknown
●●Symptoms are rareSymptoms are rare

NeurologicalNeurological
Eye musclesEye muscles
MuscleMuscle



Vitamin KVitamin K

●●Absorption requires fat and Absorption requires fat and 
bile acidsbile acids

●●Required for clotting factorsRequired for clotting factors
ProthrombinProthrombin time (INR)time (INR)

●●Bone metabolism Bone metabolism --
 

osteocalcinosteocalcin



Vitamin KVitamin K

●Easy bruising

●Mucosal bleeding

http://www.biomedcentral.com/1471-230X/3/2/figure/F2?highres=y


Vitamin DVitamin D



Vitamin D Metabolism

1,25(OH)2Vit1,25(OH)2Vit--D3D3

Vitamin D3Vitamin D3

DietDiet
 

Skin/UVBSkin/UVB

Resorption  & Resorption  & 
MineralizationMineralization

Ca, PO4Ca, PO4

2525--OHOH--VitVit--DD



More Than 1.5 Million FracturesMore Than 1.5 Million Fractures
 
YearlyYearly

Vertebral
46%

(700,000)

Wrist
16%

(250,000)

Hip
19%

(300,000)

Other
19%

(300,000)NIH/ORBD National Resource NIH/ORBD National Resource 
Center, October 2000Center, October 2000



Common Causes of Common Causes of Vit.DVit.D
 
DeficiencyDeficiency

●●Decreased intakeDecreased intake
Poor oral intakePoor oral intake
↓↓ uVuV lightlight

●●Impaired gut absorptionImpaired gut absorption
Malabsorption (short Malabsorption (short 
bowel, pancreatitis, IBD, bowel, pancreatitis, IBD, 
celiac celiac spruesprue, , cholestaischolestais))

●●Defect in liverDefect in liver
Liver diseaseLiver disease

●●Defective activation in Defective activation in 
KidneyKidney

AgingAging
Renal failure Renal failure (GFR < 60 (GFR < 60 
ml/min)ml/min)

DHC: dihydroDHC: dihydro--cholesterol.  VDB: vitamin D binding.  GFR: glomerular filtratiocholesterol.  VDB: vitamin D binding.  GFR: glomerular filtration rate.n rate.



BONE QUANTITYBONE QUANTITY BONE QUALITYBONE QUALITY

TraumaTrauma

BONE STRENGHTBONE STRENGHT





Normal

Dempster, 2000

Osteoporosis Osteoporosis 
TrabecularTrabecular MicroMicro--architectural Changearchitectural Change

Osteoporosis

Horizontal Perforations 
Micro-callous



Diagnostic toolsDiagnostic tools





OsteoporosisOsteoporosis



Central DualCentral Dual--EnergyEnergy--XrayXray--
 AbsorptiometryAbsorptiometry

 
(DXA) Measurement(DXA) Measurement

●●

 

Measures multipleMeasures multiple
 skeletal sitesskeletal sites

SpineSpine
HipHip
ForearmForearm
Total bodyTotal body

●●

 

Office basedOffice based
●●

 

DXA bone density DXA bone density 
measurement measurement 
considered theconsidered the

 clinical standardclinical standard



T-Score

World Health Organization (WHO)World Health Organization (WHO)
 Diagnostic Criteria for OsteoporosisDiagnostic Criteria for Osteoporosis

The WHO criteria were established for  use in a postmenopausal female population





Hepatic Hepatic OsteodystrophyOsteodystrophy
 (Metabolic Bone Disease)(Metabolic Bone Disease)

●●
 
Most of the patients have osteopenia / Most of the patients have osteopenia / 
osteoporosis regardless of the cause of liver osteoporosis regardless of the cause of liver 
diseasedisease

●●
 
Frequently found in patients with PSC and Frequently found in patients with PSC and 
PBCPBC

●●
 
Fractures prior to transplantation Fractures prior to transplantation --35%35%

●●
 
EndEnd--Stage Liver Disease is considered an Stage Liver Disease is considered an 
independent factor for bone diseaseindependent factor for bone disease



Risks factorsRisks factors

●●
 
Age Age 

●●
 
BMD BMD --

 
DEXADEXA

●●
 
AlcoholismAlcoholism

●●
 
SmokingSmoking

●●
 
HypogonadismHypogonadism--

 
postpost--menopausalmenopausal

●●
 
Abnormal Vitamin D metabolismAbnormal Vitamin D metabolism

●●
 
Malabsorption Malabsorption --

 
malnutritionmalnutrition

●●
 
Medication: steroids, loop diuretics (Medication: steroids, loop diuretics (lasixlasix))





TreatmentTreatment

●●
 
Begin calcium supplementationBegin calcium supplementation

●●
 
MultivitaminsMultivitamins

●●
 
Vitamin D supplementationVitamin D supplementation

●●
 
Weight bearing and exerciseWeight bearing and exercise

●●
 
Smoke cessationSmoke cessation

●●
 
Consider antiConsider anti--resorptiveresorptive

 
agentsagents



General GuidelinesGeneral Guidelines
Patients with cirrhosis have malnutrition until proven Patients with cirrhosis have malnutrition until proven 

otherwiseotherwise
Anorexia is a major problem Anorexia is a major problem ––

 

calorie counts, frequent calorie counts, frequent 
meals meals ––

 

snack at bedtime snack at bedtime ––
 

early feeding tube placementearly feeding tube placement
Do not restrict protein even in the presence of Do not restrict protein even in the presence of 

encephalopathyencephalopathy
Look for Look for malabsorptionmalabsorption––

 

fat soluble vitamins (ADEK) and fat soluble vitamins (ADEK) and 
replace if deficientreplace if deficient

Physical activity very important and more aggressive in Physical activity very important and more aggressive in 
patients awaiting liver transplantationpatients awaiting liver transplantation

All patients with cirrhosis should receive multivitaminsAll patients with cirrhosis should receive multivitamins
DEXA scan to assess bone densityDEXA scan to assess bone density



DiscussionDiscussion







KanisKanis

 

JA, et al. Osteoporosis JA, et al. Osteoporosis IntInt

 

2008;19:3852008;19:385--397.397.



FRAXFRAXTMTM CalculatorCalculator
●●

 
WHO 10WHO 10--year fracture risk assessment toolyear fracture risk assessment tool

Risk factors: age, BMD, prior fracture, steroids, etc.Risk factors: age, BMD, prior fracture, steroids, etc.
●●

 
Treatment Treatment guidelinesguidelines::

Hip fracture risk > 3%Hip fracture risk > 3%
Major osteoporotic fracture > 20%Major osteoporotic fracture > 20%

KanisKanis

 

JA, et al. Osteoporosis JA, et al. Osteoporosis IntInt

 

2008;19:3852008;19:385--397.  397.  
http://http://www.shef.ac.ukwww.shef.ac.uk/FRAX//FRAX/



Osteoporosis TherapyOsteoporosis Therapy
●●

 
Bone AntiBone Anti--resorptive Agentsresorptive Agents

Calcium and VitaminCalcium and Vitamin--DD
Bisphosphonates (several oral and intravenous drugs)Bisphosphonates (several oral and intravenous drugs)
Estrogen (oral or skin patch)Estrogen (oral or skin patch)
SERMsSERMs (Evista(Evista®® -- raloxifene)raloxifene)
Calcitonin Calcitonin (Miacalcin(Miacalcin®®))

●●
 
Bone Formative (Anabolic) AgentsBone Formative (Anabolic) Agents

Parathyroid hormone Parathyroid hormone (Forteo(Forteo®®, teriparatide , teriparatide -- rhPTHrhPTH))
Sodium Fluoride (controversial, not FDA approved)Sodium Fluoride (controversial, not FDA approved)
Tibolone and Strontium (not FDA approved)Tibolone and Strontium (not FDA approved)
Testosterone (hypogonadal men)Testosterone (hypogonadal men)



Vit.DVit.D DeficiencyDeficiency 
Lab Assessment of Total 25(OH)D LevelsLab Assessment of Total 25(OH)D Levels

●●
 
Mayo Medical LabMayo Medical Lab, ng/mL , ng/mL (1.0 ng/mL = 2.5 nmol/L) (1.0 ng/mL = 2.5 nmol/L) 
Liquid chromatography tandem mass spectrometryLiquid chromatography tandem mass spectrometry

< 10< 10
 

severe deficiencysevere deficiency
1010--2525

 
mild to moderate deficiencymild to moderate deficiency

2525--8080
 

““optimaloptimal”” levelslevels
> 80> 80

 
toxicity toxicity ““possiblepossible””

> 150> 150
 

toxicity likelytoxicity likely



A. Nutritional Vitamin D DeficiencyA. Nutritional Vitamin D Deficiency
●●

 
Vitamin D deficiency is not uncommonVitamin D deficiency is not uncommon

The present The present ““usualusual”” practice for vitamin D 400 I.U. practice for vitamin D 400 I.U. 
daily (RDI) prophylaxis is inadequatedaily (RDI) prophylaxis is inadequate

●●
 
Vitamin D deficiency is under recognizedVitamin D deficiency is under recognized

Clinical symptoms or signs often attributed to Clinical symptoms or signs often attributed to 
another disease processanother disease process

Osteoporosis, Osteoporosis, ““normalnormal--calcemiccalcemic”” HPT, chronic pain HPT, chronic pain 
syndrome (syndrome (notnot fibromyalgia), agefibromyalgia), age--related weaknessrelated weakness

●●
 
Clinical awareness & appropriate testing neededClinical awareness & appropriate testing needed



Subclinical Osteomalacia Subclinical Osteomalacia 
Not UncommonNot Uncommon

●●
 
2525--50% if in elderly nursing home or housebound50% if in elderly nursing home or housebound

Mean age 81 yearsMean age 81 years
Gloth, Gloth, JAMAJAMA 1995;274:1683 and McKenna, 1995;274:1683 and McKenna, Am J MedAm J Med 1992;93:691992;93:69

●●
 
23% of elderly presenting with hip fractures 23% of elderly presenting with hip fractures 

Mean age 77 years Mean age 77 years 
Dirschl et al, Dirschl et al, BoneBone 1997;21:971997;21:97

●●
 
57% of adult general medicine hospitalized 57% of adult general medicine hospitalized 
patients patients 

Mean age 62 years  Mean age 62 years  
Thomas M, Thomas M, NEJM 1998NEJM 1998;338:777;338:777



Prevalence Prevalence Vit.DVit.D ““InsufficiencyInsufficiency”” 
<< 30 ng/ml30 ng/ml

White elderlyWhite elderly
 

30%30%
 

CurrCurr

 

OpinOpin

 

EndocrinolEndocrinol

 

Diabetes 2002;9:87Diabetes 2002;9:87

Hispanic elderlyHispanic elderly
 

42%42%
 

(ibid)(ibid)

Black elderlyBlack elderly
 

84%84%
 

(Ibid)(Ibid)

Hospitalized ptsHospitalized pts
 

57%57%
 

NEJM 1998;338:777NEJM 1998;338:777

AdolescentsAdolescents
 

24%24%
 

Arch Arch PedPed

 

AdolesAdoles

 

Med 2004;158:531Med 2004;158:531

Young adultsYoung adults
 

32%32%
 

Am J Med 2002;112:659Am J Med 2002;112:659

NHANESNHANES
 

2525--57%  57%  Bone 2002;30:771Bone 2002;30:771

Low back painLow back pain
 

83%83%
 

Spine 2003;28:177Spine 2003;28:177



ºJAMA 1995;274:1683, ºAm J Med 1992;93:69, ¹McClung, NEJM 2001;344:333, ²Bone 
1997;21:97, ³Am J Clin

 

Nutr

 

2002;76:187, 4NEJM 1998;338:777

Prevalence Prevalence Vit.DVit.D ““DeficiencyDeficiency”” 
<< 15 ng/ml15 ng/ml

2525--50% of nursing home or housebound 50% of nursing home or housebound 
residentsresidentsºº, mean age 81, mean age 81

44%44%
 
of elderly ambulatory womenof elderly ambulatory women¹¹, > 80 yrs, > 80 yrs

30% of women with osteoporosis30% of women with osteoporosis¹¹, age 70, age 70--79 79 
23%23%

 
of patients with hip fracturesof patients with hip fractures²², mean age 77, mean age 77

42%42%
 
of African American womenof African American women³³, 15, 15--49 yrs49 yrs

57% of adult hospitalized patients57% of adult hospitalized patients44, mean age 62, mean age 62



Prevalence of Prevalence of Vit.DVit.D DeficiencyDeficiency 
< < 15 ng/ml15 ng/ml

●●
 
Thomas, NEJM 1998;338:777Thomas, NEJM 1998;338:777

57%57% of 290 men/women, of 290 men/women, mean age 62 yrsmean age 62 yrs, admitted to , admitted to 
hospital in March (n=150, 63%) and Sept (n=140, 49%)hospital in March (n=150, 63%) and Sept (n=140, 49%)

23%23% with with severesevere deficiencydeficiency of of vitvit D (<8 ng/ml)D (<8 ng/ml)
60%60% of those of those not takingnot taking a multivitamina multivitamin
46%46% of those reportedly of those reportedly takingtaking a multivitamina multivitamin



Prevalence of Hypovitaminosis DPrevalence of Hypovitaminosis D 
Hospitalized Medical Patients (n=290, mean 62 yr)Hospitalized Medical Patients (n=290, mean 62 yr)

% of Patients 

23

34

43

20

25

30

35

40

45

<8 8 to 15 >15

25(OH)vitamin D (ng/ml)

PTH (nl 20-50 pg/ml)
82

55

44
39 40

32 33

20

30
40

50

60
70

80

<5 <10 <15 <20 <25 <30 >30

25(OH)vitamin D (ng/ml)

Thomas M, NEJMThomas M, NEJM 19981998;338:777;338:777



B. Drug Induced Vitamin D DeficiencyB. Drug Induced Vitamin D Deficiency

●●
 
Inhibitors of Inhibitors of vit.Dvit.D

 
formation or GI absorptionformation or GI absorption

Sunscreens Sunscreens >> factor 8, blocks 90% of factor 8, blocks 90% of vit.Dvit.D formationformation
Cholestyramine (binding of BA salts in short bowel)Cholestyramine (binding of BA salts in short bowel)

●●
 
Increased metabolism of Increased metabolism of vit.Dvit.D

Antiepileptics (induced cytochrome P450 enzymes)Antiepileptics (induced cytochrome P450 enzymes)



Calcium Recommendations

Optimal:
Dairy products
Some greens, crustaceans
Fortified foods (OJ)

Practical:
Calcium salts: most exhibit similar bioavailability
Ca-Carbonate or Ca-phosphate: take with food
Brand name or chewable products likely best



Vitamin D RecommendationsVitamin D Recommendations

Present RDI treatment guidelines:Present RDI treatment guidelines:
AgeAge RDI, IU/dRDI, IU/d
BirthBirth--5050

 
200 200 

5151--7070
 

400 (40 IU = 1 400 (40 IU = 1 µµg)g)
> 70> 70

 
600 600 

OsteoporosisOsteoporosis
 

800800

3737--46%46% of of vit.Dvit.D
 
deficientdeficient individualsindividuals

 
meetmeet the RDI !the RDI !



¹¹Holick et al, NEJM 1992;326:1178Holick et al, NEJM 1992;326:1178

Sources of Vitamin DSources of Vitamin D
●●

 
Nutritional vitamin D deficiencyNutritional vitamin D deficiency

Vitamin D is rare in foods...Vitamin D is rare in foods...
D2 from plants and yeastD2 from plants and yeast
D3 from fatty fish (cod liver oil, salmon, mackerel)D3 from fatty fish (cod liver oil, salmon, mackerel)

...and possibly even when ...and possibly even when ““fortifiedfortified””
400 IU vitamin D per quart of fortified milk (100 IU/cup)400 IU vitamin D per quart of fortified milk (100 IU/cup)……
……but, almost 50% of school skim milk carton samples found but, almost 50% of school skim milk carton samples found 
to contain <50% of stated vitamin D content, and almost 15% to contain <50% of stated vitamin D content, and almost 15% 
of skim milk cartons without any vitamin D (USA/Canada)of skim milk cartons without any vitamin D (USA/Canada)¹¹

Daily multivitaminDaily multivitamin (400 IU) recommended as a (400 IU) recommended as a 
minimum RDI daily intakeminimum RDI daily intake



Sources of Vitamin D Sources of Vitamin D 
●●

 
FoodFood

 
sources generally sources generally poorpoor; includes fish, fish oil, ; includes fish, fish oil, 

egg yolks, and fortified milk and foodsegg yolks, and fortified milk and foods

●● SunlightSunlight
 
vitamin D provision depends upon exposurevitamin D provision depends upon exposure

Food SourceFood Source ServingServing I.U.I.U.
Pink salmon, cannedPink salmon, canned 3 ounces3 ounces 530530

Fortified instant oatmealFortified instant oatmeal 1 packet1 packet 140140
Fortified cow's milk Fortified cow's milk 8 ounces8 ounces 100100

Fortified orange juiceFortified orange juice 8 ounces8 ounces 100100
Fortified cerealFortified cereal 1 serving1 serving 4040

Egg yolkEgg yolk mediummedium 2525



Vitamin D Deficiency 
Effect of Sunlight

Fractures
11-sunlight deprived
3-sunlight exposed     (p=0.03)
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Vitamin D RequirementsVitamin D Requirements
Treatment for OsteoporosisTreatment for Osteoporosis

CalciumCalcium: 1200: 1200--1500 mg total elemental calcium daily1500 mg total elemental calcium daily
PhosphatePhosphate: 2: 2--4 grams daily (supplied by usual4 grams daily (supplied by usual--normal normal 

diet intake)diet intake)
Vitamin DVitamin D

 
(D2 ergocalciferol, or D3 cholecalciferol)(D2 ergocalciferol, or D3 cholecalciferol)

>> 1000 IU/day vitamin D needed for bodily needs*1000 IU/day vitamin D needed for bodily needs*
>> 2000 IU/day total intake reported as safe2000 IU/day total intake reported as safe

Milk, yogurt or cheese Milk, yogurt or cheese << 100 IU/serving100 IU/serving
Daily multivitamin:  Daily multivitamin:  400 IU 400 IU (daily)(daily)
Vitamin DVitamin D22 or Dor D33:  :  1,000 IU1,000 IU (daily)(daily)
Vitamin DVitamin D22 or Dor D33:  :  50,000 IU 50,000 IU (1/mos. to 1/wk.)(1/mos. to 1/wk.)

Vieth R. Am J Vieth R. Am J ClinClin

 

NutrNutr

 

1999;69:8421999;69:842

 

1 mcg = 40 International Units1 mcg = 40 International Units





Vitamin D Functions (1,25Vitamin D Functions (1,25--dihydroxy D)dihydroxy D)
●●

 
Gastrointestinal absorption of calciumGastrointestinal absorption of calcium

Prevents secondary HPTPrevents secondary HPT
Prevents osteoporosisPrevents osteoporosis

●●
 
Mineralization of bone collagen matrixMineralization of bone collagen matrix

Prevents osteomalaciaPrevents osteomalacia
Maximizes bone mineral density & increases bone strengthMaximizes bone mineral density & increases bone strength



Vitamin D DeficiencyVitamin D Deficiency 
Musculoskeletal AssociationsMusculoskeletal Associations

SkeletalSkeletal
●● 22ºº

 
HPTHPT

●● OsteoporosisOsteoporosis
●● Mineralization defectMineralization defect

Rickets: childrenRickets: children
Osteomalacia: adultsOsteomalacia: adults

MuscleMuscle
●● MyopathyMyopathy

WeaknessWeakness
PainPain



Nutrition and Nutrition and 
Liver DiseaseLiver Disease

●●
 
Malnutrition adversely affects prognosis in Malnutrition adversely affects prognosis in 
cirrhosiscirrhosis

●●
 
Increase Oral supplements Increase Oral supplements 

●●
 
NasoNaso--enteric feeding tubes are well toleratedenteric feeding tubes are well tolerated

●●
 
Nutrition can improve protein balanceNutrition can improve protein balance



Most Americans Are Not Receiving Most Americans Are Not Receiving 
Adequate Vitamin DAdequate Vitamin D

51-70 yr
Females
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Females

Vitamin D IntakeVitamin D Intake 
(Review of Diet + Supplements) (Review of Diet + Supplements) 

NHANES III surveyNHANES III survey:: 3,444 
women > 51 years old

•
 
Over 70%

 

of women 51-70 yrs

 old were estimated not to meet 
adequate intake for vit.D

 

(RDI 

= 400 IU),

 

based on daily diet 
& vit.D

 

supplements

•
 
Nearly 90%

 

of women > 70 yrs

 were estimated not to meet 
NOF vit.D

 

guidelines (600 IU)

50
60
70
80
90

100

>70 yr
NHANES = National Health and Nutrition 
Examination Survey; NOF = National 
Osteoporosis Foundation



Optimal Optimal Vit.DVit.D Status? Status? 
The 25(OH)D Continuum ControversyThe 25(OH)D Continuum Controversy

(ng/mL)nmol/L

““deficiencydeficiency””
““insufficiencyinsufficiency””

““normalnormal””

ng/mL

** modified after RP Heaneymodified after RP Heaney (10 ng/mL = 25 nmol/L) 10 ng/mL = 25 nmol/L) 

0 10 20 30 40 50 60

0 25 50 75 100 125 150



Vit D Deficiency In North America 
An Endemic Problem

JCEM 90:3215, 2005JCEM 90:3215, 2005
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