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Goals and Objectives

 Review the metabolism of vitamin A and how it is 
altered in CKD

 Review symptoms/side effects of vitamin A toxicity 

 Review sources of vitamin A

 Discuss strategies for reducing vitamin A levels in 
patients with CKD

 Case Studies



Vitamin A Metabolism

 Dietary vit A 
(carotenoids and 
retinyl esters) is 
converted to Retinol 
(ROH) in the intestinal 
lumen and stored in the 
liver 

 Then transported by 
RBP and TTR to target 
cells

 ROH oxidized to 
retinoic acid (RA)

 Free ROH degraded 
and filtered by kidneys

 RBP catabolized in the 
renal tubules



Vitamin A Metabolism in CKD

 Increased levels of ROH

 Decreased filtration of 
ROH-RBP complex

 Reduced conversion of 
ROHRA

 Accumulation of RBP

 Not removed by dialysis

 Accumulation directly 
related to CKD stage

 Rapidly absorbed and 
slowly cleared



Vitamin A Sources

Preformed vitamin A 
 Retinyl Esters
 Absorption rates =70-90% 
 Oral Supplements/Formula 

(Suplena, PM 60/40)
 Fortification of foods and 

beverages
 Milks (Almond, Rice, Soy)
 Butter/Margarine
 Cereals and snack foods

 Fish oil
 Liver
 Eggs
 MVIs including prenatals
 Ointments with added Vit A

Provitamin A 
 Carotenoids from plant sources

 α-Carotene, β-carotene, β-
cryptoxanthin

 Carrots, pumpkin, winter 
squash, spinach, sweet 
potatoes

 Absorption rates =20-50% 
 Cleavage of Provitamin A to 

Retinal is a highly regulated step
 Can make your skin turn 

orange, but unlikely to cause 
toxicity



Hypervitaminosis A

 Signs/symptoms and complications of toxicity:
 Hypercalcemia

 Bone Pain/Effects on bone

 Increased risk of fractures

 Headaches and Intracranial hypertension 

 Bulging fontanelle

 Pseudotumor cerebri

 Hepatomegaly

 Dry itchy skin

 Anorexia

 Nausea/emesis

 Alopecia



Summary: 

-Children with ESRD have elevated ROH, RBP and TTR

-No differences in ROH, RBP and TTR between PD2 and HD2 

groups.

-Serum ROH, TTR and Triglycerides significantly higher in PD1 

group vs HD1. 

-No difference in RBP among groups.

-TG levels were highest in the PD1 group

-Is this related with dialysate absorption as glucose in dialysate 

is lipogenic and levels are drawn in post-absorptive state. 

Fassinger, et al: 
JREN, 2010

-Examined the 
relationship between 
ROH, RBP and TTR 
in children with 
ESRD to determine 
if levels were similar 
to adults with ESRD 

-Broken up into 4 
groups based on age 
and dialysis 
modality

-ROH, TTR, RBP 
measured biannually



Hypervitaminosis A in CKD

 Manickavasgar et al- Pediatric Nephrology, 2015
 Prevalence of Hypervitaminosis A and hypercalcemia in children 

with CKD

 Studied the relationship between vitamin A intake, serum 
retinoid levels and serum calcium in 105 children under 18 years 
of age with CKD 2-5, dialysis and post-transplant

 CKD 2-3 (n=25), CKD 4-5 (n=35), dialysis (n=23), post-txp (n=22)

 Laboratory

 Retinol, retinoic acid metabolites, carrier proteins (RBP, TTY), 
calcium, creatinine, phosphorus, PTH, 25-oH D

 Vitamin A intake assessed using 3 day non-consecutive food diary

 Dietary calcium, phosphate, vitamin D, vitamin D supplements 
and phosphate binders were calculated.



-Children CKD 
4-5, 5D had 
higher levels of 
serum ROH 
than CKD 2-3 
and transplant.

-Increased 
ROH levels 
seen as early as 
CKD stage 2.



-Children with 
CKD 4-5, 5D 
had higher 
levels of RBP4 
and TTR than 
CKD 2-3 and 
transplant.

-Accumulation 
of RBP and 
TTR increases 
with decreasing 
GFR.



Children 
receiving 
supplemental 
feeds and feeds 
alone had 
higher vitamin 
A intakes and 
higher ROH 
than children 
on diet alone.



-Molar ratios of 
ROH: RBP were 
lower in advanced 
stages of CKD and 
dialysis

-Consistent with 
higher levels of 
free RBP in CKD 4-
5, 5D

-Calcium levels 
were higher in 
children receiving 
dialysis
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Manickavasgar et al

Summary/Conclusions:
 77% of children had elevated ROH levels
 Hypervitaminosis A seen in early stages of CKD

 Higher vitamin A intake associated with higher calcium levels
 High levels of ROH and RBP were associated with hypercalcemia in dialysis 

patients

 53% of children had vitamin A intake above RDA
 No significant difference in Vit A intake between CKD groups
 Dialysis patients more likely to have elevated ROH relative to vit A 

intake
 When vitamin A intake <50% DRI, 22% dialysis patients had increased 

ROH vs 7% of children with CKD 2-5
 Children in feeds only and diet + feeds had higher ROH levels than diet 

alone
 No children had clinical signs of vitamin A toxicity such as alopecia, 

pruritus, raised intracranial pressure



Nutritional Management

 KDOQI: Limit intake to DRI for age

 Use Renalcal, Renastart, or modulars in 
combination with other formulas to lower 
vitamin A administration

 Promote intake of “real” food when appropriate
 Consider Home Blended Tube feeds vs formula

 Limit intake of foods with preformed vitamin A
 Use unfortified milks and foods



Nutritional Management

Formula Vitamin A per 1000 calories

Pre-term breast milk (first 3 weeks) 5850 IU

Term Breast milk 3380 IU

Similac PM 60/40 and Sim Advance 3000 IU

Suplena/Nepro 1760 IU

Novasource Renal 1500 IU

Ensure Clear 5000 IU

Boost Breeze 3150 IU

Pediasure 2100 IU

Renastart 900 IU

Renalcal 0



Case Study #1

 “Abbie-” 

 2 ½ year old (ex 28 weeker), anephric, on nightly PD

 Transferred from Lucille Packard at 4 mo chronological 
age, on EBM fortified w/ Good Start Nourish and 
Beneprotein

 Had multiple complicated surgeries resulting in need for 
TPN for 1 month

 Received full dose MVI for 1 week in addition to renal 
replacement vitamins, then MVI dose cut in ½.

 After 1 month, feeds with EBM + Good Start Nourish+ 
Duocal resumed and PN stopped



Case Study
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Case Study #1

 Source of Vitamin A
 MVI in PN

 Formula fortification

 ?EBM- mom was still taking prenatal MVIs
 Vitamin A is delivered to breast milk by chylomicra in the form of 

retinyl esters.

 Not a highly regulated process so milk concentrations of vitamin A 
may be directly correlated with mother’s vitamin A status. 

 Ensure Clear

 Summary
 Vitamin A levels improved with HBTF and sources of 

preformed vitamin A decreased



Case Study #2

 “Baker” 

 2 ½ year old (ex 33 weeker), anuric, on nightly PD

 On TPN first 6 months of life

 Transitioned from PN to EBM fortified with PM 60/40 and 
Complete Amino Acids (CAA)

 After 1 month, mom ran out of breast milk  PM 60/40 with 
Duocal and CAA

 One month later, switched to Sim Advance given low 
electrolyte levels

 After discharge from the hospital at 18 months of age, started 
HBTF



MR 0.64
MR 0.52

MR 0.44



Case Study #2

 Source of Vitamin A

 MVI in PN

 Formula 

 Summary

 Vitamin A levels improved with HBTF and when sources 
of preformed vitamin A decreased



Case Study #3

 “Addie”-

 Presented with rapidly progressing CKD at ~18 
months of age, shortly after started dialysis.

PO intake adequate for a couple months, but 
quickly declined and she started enteral nutrition 
+ diet.

After 3-4 months, primarily relied on enteral 
nutrition.

Was transplanted at 3 years of age. 



Sources of Vitamin A:
-Formula
-Vitamin A and D ointment for diaper rash



Summary

 Metabolism of vitamin A, evaluation of toxicity, and 
antagonist mechanism of action of vitamin A on 
bone has been studied but remains inconclusive. 

 Difficult to manage in our population given the high 
absorption rates of preformed vitamin A, the large 
use of commercially based formulas with preformed 
vitamin A, and the low clearance rates. 

 HBTF not feasible for many families.

 Renastart/Renalcal used as a supplement to other formulas 
and not sole source of nutrition.

 Not frequently used in infants. 



Discussion Questions

 Are other institutions regularly testing Vitamin A and 
RBP as part of a routine protocol?

 Is retinol a reliable marker of vitamin A status? Should 
we be measuring retinyl esters?

 What other strategies are RDs using to manage 
hypervitaminosis A?

 What are safe levels for ROH and RBP?

 Does the molar ratio or ROH: RBP have any relevance?

 Is restricting to the DRI enough?

 Should we be looking at triglyceride levels?
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