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Abbreviations
AMDR  Acceptable macronutrient distribution ranges
BMI   Body mass index
CKD   Chronic kidney disease
DRI   Dietary reference intake
EER   Estimated energy requirement
GFR   Glomerular filtration rate
PAL   Physical activity level
R    Recommendation
SD   Standard deviation
T    Transplant 

Reference:
National Kidney Foundation. KDOQI clinical practice guideline for nutrition in 
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Obesity, Diabetes, and Dyslipidemia

 Children who are obese before kidney transplantation have shown an increased risk of 
 mortality and decreased long-term kidney allograft survival. 

 After transplantation, all age groups have shown rapid weight gain in the first 6 months, with 
 children gaining weight in the first year. 

 Obesity may develop after transplantation, and weight gain may be more 
 significant in those who were obese before transplantation.

  Glucose intolerance and hyperglycemia occur early after transplantation in association 
 with surgical stress and corticosteroid and calcineurin inhibitor therapy, with serum glucose
 levels decreasing as immunosuppressant dosages decrease. 

 Dyslipidemia occurs frequently after kidney transplantation and promotes atherosclerosis.

 Dyslipidemia may be associated with proteinuria in chronic allograft nephropathy, 
 recurrent disease, obesity, and/or use of immunosuppressive medications.

 To manage weight gain, consider energy requirements to be equal to 100% of the EER 
 for chronologic age, adjusted for (PAL) and (ie, BMI). Adjust energy intake based upon 
 the response in rate of weight gain or loss. (R 10.2)

  Balance calories from carbohydrates, proteins, and unsaturated fats according to the  
 physiological ranges recommended as the acceptable macronutrient distribution ranges 
 (AMDR) of the dietary reference intake (DRI), in order to prevent or manage excessive weight
 gain, dyslipidemia, and corticosteroid-induced diabetes. (R 10.3) 

  Encourage children to avoid simple sugars in the early post-transplantation period (the first 3
 to 6 months) when corticosteroid doses are highest and weight gain is most rapid. 
 – When blood sugar levels stabilize, it may still be necessary to restrict simple sugars to manage
  weight gain and hypertriglyceridemia.

  Encourage intake of fl uids low in simple sugars for children with high minimum total daily
 fl uid intake (except those who are underweight, ie, BMI-for-height-age <5th percentile) to
 avoid excessive weight gain, promote dental health, and avoid exacerbating hyperglycemia.
 (R 10.6)
 – A high volume of fl uid intake generally is prescribed to stimulate kidney function,
  replace high urine output, and regulate intravascular volume.
 – The majority of fl uid intake should come from water, fat-free or low-fat milk, and
  sugar-free drinks (except for in children who need to gain weight).

In children who resist overt dietary modifi cation, healthy food preparation methods should

at least be emphasized, including the use of such heart-friendly fats as canola or olive oils

and margarines.

Dietary Treatment Recommendations for Children With Dyslipidemia and CKD Stages 5, 5D, 
and Kidney Transplant

Encourage exercise, in combination with diet modifi cation, to prevent and/or aid in the

management of overweight, hypertension, and dyslipidemia.

– Recommendations for children include encouraging time spent in active play (goal

≥1 hour/day) and limiting screen time (television + computer + video games) to 

 2 hours/day or less.

take make macronutrient modifications more
challenging to achieve.

The extent to which the macronutrient content
of the diet should be manipulated must consider
the child’s nutritional status and other dietary
mineral and/or electrolyte restrictions. The first
priority for nutritional care is meeting energy,
protein, and micronutrient requirements to
achieve optimal growth for individual children.
If a child is well nourished, adding dietary modi-
fications for dyslipidemia prevention or manage-
ment can be safely undertaken. Studies of the
general pediatric population have shown that
dietary fat restriction to 30% of total caloric
intake is safe and, in particular, free of adverse
effects on growth, development, or nutri-
tion.240,241

Renal diet restrictions to control uremia (pro-
tein) and mineral and electrolyte abnormalities
limit the variety and palatability of the diet, and
additional (dyslipidemia) restrictions can be over-
whelming and may reduce caloric intake further.
In light of this, dietary intervention for treatment
of dyslipidemia is not recommended for under-

nourished children with CKD220,223; however,
such simple changes as a switch to heart-healthy
fats can be implemented easily.

4.6: Dietary and lifestyle changes are sug-
gested to achieve weight control in overweight
or obese children with CKD stages 2 to 5 and
5D. (C)

Childhood obesity is an international public
health problem reaching epidemic proportions. A
review of data from the US Renal Data System
for more than 1,900 pediatric dialysis or trans-
plant patients showed that mortality rates were
significantly higher at the upper and lower ex-
tremes of BMI-for-age.49 Pretransplantation obe-
sity and increased BMI-for-age after transplanta-
tion are associated with decreased long-term
renal allograft survival.176 Prevention and treat-
ment of obesity in patients with CKD is also
important to reduce the risk of hyperlipid-
emia.242

A multiorganization scientific statement on
cardiovascular risk reduction in high-risk pediat-
ric patients made the following recommenda-
tions for high-risk children, including those with

Table 9. Dietary Treatment Recommendations for Children with Dyslipidemia and CKD Stages 5, 5D,
and Kidney Transplant

Macronutrient Serum LDL-C �100 mg/dL Serum TG �150 mg/dL

Energy If associated with excess weight, energy balance �
activity recommendations for weight loss

Dietary fat �30% of calories Low
Dietary cholesterol �200 mg/d
Trans fatty acids Avoid
Saturated fatty acids �7% of calories
Carbohydrate Low simple carbohydrate

Source: Kavey et al.173

Table 10. Tips to Implement AHA Pediatric Dietary Guidelines for Prevention or Treatment of Dyslipidemia and
CVD in Prepubertal Children

Reduce added sugars, including sugar-sweetened drinks and juices.
Use canola, soybean, corn, or safflower oils, or other unsaturated oils, in place of solid fats during food preparation.
Use fresh, frozen, and canned vegetables and fruits, and serve at every meal; be careful with added sauces and sugar.
Introduce and regularly serve fish as an entrée.
Remove the skin from poultry before eating.
Use only lean cuts of meat and reduced-fat meat products.
Limit high-calorie sauces such as Alfredo, cream sauces, cheese sauces, and hollandaise.
Eat whole-grain breads and cereals rather than refined products.
Eat more legumes (beans) and tofu in place of meat for some entrees.
Read food labels—especially for breads, breakfast cereals, and prepared foods—for content, and choose high-fiber, low-

salt/low-sugar alternatives.

Source: Gidding et al.239
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 Dietary modification is recommended for children with a kidney transplant
 who have hypertension or abnormal serum mineral or electrolyte concentrations
 associated with immunosuppressive drug therapy or impaired kidney function. (R 10.4)

Hypertension Occurs in the majority of children who undergo
   transplantation

   Most children receive antihypertensive medications
   throughout the immediate and follow-up
   post-transplantation period.

   Dietary sodium restriction is indicated to aid in
   blood pressure management.

Hyperkalemia Occurs frequently during immediate
   post-transplantation period in association with the
   medications cyclosporine and tacrolimus, especially
   when blood levels achieve or exceed therapeutic
   targets.
 
   Serum potassium levels should be monitored and a
   low-potassium diet implemented when indicated.

Hypophosphatemia Commonly seen in the early post-transplantation
   period.
 
   Occurs in association with an increase in urinary
   phosphate excretion, decreased intestinal
   phosphate absorption, and hyperparathyroidism
   persisting beyond the pretransplantation period.

   Encourage a diet high in phosphorus, but
   supplements may be required.

Hypomagnesemia Occurs early in the post-transplantation period as a 
   common side effect of calcineurin inhibitors.
  
   Increased dietary magnesium intake may be
   attempted, but supplements may be required.

Bone and Mineral DisordersImmunosuppressive MedicationsOverview

 Transplantation is not a cure. It is a state of chronic kidney disease (CKD), regardless of
 glomerular filtration rate (GFR) or other markers of kidney damage.

  Management of children with a kidney transplant includes care of the graft, but also care
 of the complications of CKD stages 1–5T.

 The short- and long-term effects of immunosuppressive medications present new and 
 familiar nutritional challenges to children and their caregivers.

  The frequency of nutritional assessment may be highest in the early post-transplantation
 period and decreases as the dosage and side effects of immunosuppressive medications
 are reduced.

Immediate and short-term 
nutritional goals: Encourage intake.
   Promote blood pressure control.
   Maintain glucose, mineral, and
   electrolyte balance.

Long-term nutritional goals: Prevent chronic complications
   of immunosuppressive therapy: 
   – Excessive weight gain/obesity
   – Hyperlipidemia
   –  Hypertension
   –  Corticosteroid-induced 
    hyperglycemia and/or osteoporosis

 Dietary assessment, diet modifications, and counseling are suggested for kindney 
 transplant recipients to meet nutritional requirements while minimizing the side effects of 
 immunosuppressive medications. (R 10.1)  

Nutrition-Related Side Effects of Immunosuppressive Medications

anabolism and wound healing, maintain blood
pressure control, and maintain glucose, min-
eral, and electrolyte balance. In the long-term
stage of transplantation, nutritional goals are
targeted to preventing chronic complications
of immunosuppressive therapy, such as exces-
sive weight gain/obesity, hyperlipidemia, hy-
pertension, and corticosteroid-induced hyper-
glycemia and/or osteoporosis. Diet counseling
should begin early to review the dietary pre-
scription, nutrition-related medication side ef-
fects, and the nutrition care plan.

The first 3 to 6 months after transplantation
can be very challenging for children and their
caretakers, with many new routines and medica-
tions to learn. Because diets are advanced imme-
diately after transplantation, it is recommended
that patients be evaluated for appropriate energy,
protein, carbohydrate, and fat intakes. If there is
delayed normalization of kidney function, it is
prudent to follow restrictions similar to those
described for those with CKD stages 2 to 5 until
kidney function normalizes. Over time, as immu-
nosuppressant dosages decrease and their associ-
ated side effects recede, dietary modifications
can be liberalized. Although many patients resist
needing to follow a special posttransplantation
diet, this is an appropriate time to instruct a
healthy diet for age with a strong emphasis on
regular exercise.

Table 29 lists nutrition-related side effects of

currently used immunosuppressive agents in
transplant patients.

Several of the side effects listed are transient and
may last for only several weeks or months. Just as
in the pretransplantation period, adaptation to some
side effects often is possible, enabling a child to
return to normal activities of living despite them.
However, others present potentially life-long issues
that will need to be considered for at least the
duration of the transplant.

The frequency of nutritional assessment may
be highest in the early posttransplantation period
and decreases as the dosage and side effects of
immunosuppressive medications are reduced. At
a minimum, the frequency of nutritional assess-
ment should be compatible with age- and stage-
of-CKD–matched recommendations for children
with CKD stages 2 to 5 and 5D (Recommenda-
tion 1, Table 1).

10.2: To manage posttransplantation weight
gain, it is suggested that energy requirements of
children with CKD stages 1 to 5T be considered
equal to 100% of the EER for chronological
age, adjusted for PAL and body size (ie, BMI).
(C) Further adjustment to energy intake is
suggested based upon the response in rate of
weight gain or loss. (C)

There is no evidence that children who are
transplanted have increased or decreased energy
requirements compared with healthy children;
however, excessive weight gain in children who

Table 29. Nutrition-Related Side-Effects of Immunosuppressive Medications

Maintenance Agents Nutrition Side-Effects

Azathioprine Nausea, vomiting, sore throat, altered taste acuity
Corticosteroids (prednisone, methylprednisolone) Hyperglycemia, hyperlipidemia, sodium retention,

hypertension, increased appetite and weight gain,
osteoporosis, calciuria, muscle wasting, peptic ulcer
disease, impaired wound healing, electrolyte
disturbances

Calcineurin inhibitors (cyclosporine, tacrolimus) Hyperlipidemia, hyperglycemia, hypomagnesemia,
hyperkalemia, hypertension

Avoid grapefruit
Sirolimus Hyperlipidemia, gastrointestinal symptoms
Mycophenolate or Mycophenolic acid Diarrhea, nausea

Induction Agents Nutrition Side-Effects

Daclizumab Minimal side-effects
OKT-3 Nausea, vomiting, diarrhea, loss of appetite
Rabbit antithymocyte globulin (ATG, thymoglobulin) Decreased appetite

Adapted with permission.497

Recommendation 10S78

Immunosuppressed patients are more prone to develop infections, potentially including
those brought on by disease-causing bacteria and other pathogens that cause food-borne 
illness (eg, Escherichia coli, Salmonella, and Listeria monocytogenes).

Counsel immunosuppressed children and families on food hygiene/safety and avoidance 
of foods that carry a high risk of food poisoning or food-borne infection. (R 10.7)

General Food Safety Recommendations for Immunosuppressed Children

 Clean: To avoid spreading bacteria throughout the kitchen, wash hands and food 
 preparation surfaces often.

 Separate: Avoid spreading bacteria from one food to another by keeping high-risk 
 foods, such as raw meat, poultry, seafood, and eggs away from ready-to-eat foods.

 Cook to proper temperatures: Foods are safely cooked when they are heated to the 
 USDA-recommended safe minimum internal temperature.

 Chill: Refrigerate foods promptly to slow the growth of harmful bacteria.

 Read labels to avoid purchasing food that is past its "sell by" or "use by" date.

 Buy only pasteurized milk, cheese, and other dairy products from the refrigerated
 section. Read labels to be sure that fruit juice selected from the refrigerated 
 section of the store is pasteurized.

 Purchase canned goods that are free of dents, cracks, or bulging lids.

 When eating out, avoid foods containing uncooked ingredients, such as eggs, meat, 
 poultry, or fish. Avoid buffets, which may contain undercooked foods or foods that
 have been at room temperature too long.

 After transplantation, children are predisposed to progressive bone disease and 
 osteoporosis. They are likely to have preestablished metabolic bone disease associated 
 with CKD and residual hyperparathyroidism. 

 The use of corticosteroids and calcineurin inhibitors after transplantation may increase
 risk of bone demineralization.

 Calcium and vitamin D intakes of at least 100% of the DRI are suggested. Total oral and/
 or enteral calcium intake from nutritional sources and phosphate binders should not 
 exceed 200% of the DRI. (R 10.5)

 Children with CKD stages 3 to 5T with bone mineral disorders should be managed 
 according to established recommendations for non-transplanted children with 
 similar GFRs.

Recommended Frequency of Measurement of Calcium, Phosphorus, 
PTH and Total CO2 After Transplant

Hyperkalemia in the immediate posttransplan-
tation period occurs frequently in association
with the medications cyclosporin and tacrolimus,
especially when blood levels achieve or exceed
therapeutic targets. Serum potassium levels
should be monitored and a low-potassium diet
should be implemented as indicated (see Recom-
mendation 8).

Hypophosphatemia is a common complica-
tion seen in the early stage of kidney transplan-
tation, occurring in up to 93% of adults during
the first few months posttransplantation.514

Low serum levels occur in association with an
increase in urinary phosphate excretion, de-
creased intestinal phosphate absorption, and
hyperparathyroidism that persists beyond the
pretransplantation period.514 Children with hy-
pophosphatemia can be encouraged to con-
sume a diet high in phosphorus (see Recom-
mendation 5, Table 13); however, phosphorus
supplements usually are required.121

Hypomagnesemia, a common side effect of
calcineurin inhibitors, occurs early in the post-
transplantation period. Increased dietary magne-
sium intake may be attempted; however, as in the
case of hypophosphatemia, the amount of magne-
sium required to correct serum levels typically
requires a magnesium supplement.

10.5: Calcium and vitamin D intakes of at
least 100% of the DRI are suggested for chil-
dren with CKD stages 1 to 5T. (C) In children
with CKD stages 1 to 5T, it is suggested that the
total oral and/or enteral calcium intake from
nutritional sources and phosphate binders not
exceed 200% of the DRI (see Recommendation
7.1). (C)

After transplantation, children are predisposed
to progressive bone disease and osteoporosis for
several reasons. They are likely to have preestab-
lished metabolic bone disease associated with

CKD. After transplantation, corticosteroids, cal-
cineurin inhibitors, and residual hyperparathy-
roidism may increase the risk of bone demineral-
ization,121 with bone loss most rapid during the
first year after transplantation.515 Osteopenia has
been confirmed by using bone biopsy data and/or
bone densitometry.516 Interpretation of DXA mea-
surement of bone mineral density is complicated
in children with delayed growth and matura-
tion,121,517 and estimates of the perceived preva-
lence of moderate plus severe osteopenia vary
according to analysis based on chronological age
(42%), height-age (15%), or sex-matched (23%)
reference data.516 Whether deficits in bone min-
eral density are reversible upon discontinuation
of glucocorticoids is unclear. Pediatric kidney
transplant recipients also are at increased risk of
developing disabling bone disease, such as avas-
cular necrosis and bone fractures. In addition,
transplantation is part of the continuum of CKD,
and progressive damage to the graft will result in
bone mineral disorders similar to the effects of
CKD in the native kidney.121

Because of these issues, it is recommended
that serum levels of calcium, phosphorus, total
CO2, and PTH continue to be monitored after
transplantation (Table 30).121

To minimize bone mineral loss, daily supple-
mentation at the level of the DRI for calcium and
800 to 1,000 IU of vitamin D has been sug-
gested; however, there are no data for efficacy in
children. Children with CKD stages 3 to 5T with
bone mineral disorders should be managed ac-
cording to established recommendations for non-
transplantation children with similar GFRs (see
Recommendation 7).

10.6: Water and drinks low in simple sug-
ars are the suggested beverages for children
with CKD stages 1 to 5T with high minimum
total daily fluid intakes (except those who are

Table 30. Recommended Frequency of Measurement of Calcium, Phosphorus, PTH and Total CO2

After Transplant

Parameter Week 1 First 2 Months 2-6 Months �6 Months

Calcium Daily Weekly Monthly

As per guidelines for stage of CKD
Phosphorus Daily Weekly Monthly
PTH Optional At 1 month, then optional If normal initially, optional
Total CO2 Daily Weekly Monthly

Adapted with permission.121

Nutritional Management of Transplant Patients S81

Hypertension and Electrolyte Disturbances



5.5” 5.5” 5.375” 5.375”

 Dietary modification is recommended for children with a kidney transplant
 who have hypertension or abnormal serum mineral or electrolyte concentrations
 associated with immunosuppressive drug therapy or impaired kidney function. (R 10.4)

Hypertension Occurs in the majority of children who undergo
   transplantation

   Most children receive antihypertensive medications
   throughout the immediate and follow-up
   post-transplantation period.

   Dietary sodium restriction is indicated to aid in
   blood pressure management.

Hyperkalemia Occurs frequently during immediate
   post-transplantation period in association with the
   medications cyclosporine and tacrolimus, especially
   when blood levels achieve or exceed therapeutic
   targets.
 
   Serum potassium levels should be monitored and a
   low-potassium diet implemented when indicated.

Hypophosphatemia Commonly seen in the early post-transplantation
   period.
 
   Occurs in association with an increase in urinary
   phosphate excretion, decreased intestinal
   phosphate absorption, and hyperparathyroidism
   persisting beyond the pretransplantation period.

   Encourage a diet high in phosphorus, but
   supplements may be required.

Hypomagnesemia Occurs early in the post-transplantation period as a 
   common side effect of calcineurin inhibitors.
  
   Increased dietary magnesium intake may be
   attempted, but supplements may be required.

Bone and Mineral DisordersImmunosuppressive MedicationsOverview

 Transplantation is not a cure. It is a state of chronic kidney disease (CKD), regardless of
 glomerular filtration rate (GFR) or other markers of kidney damage.

  Management of children with a kidney transplant includes care of the graft, but also care
 of the complications of CKD stages 1–5T.

 The short- and long-term effects of immunosuppressive medications present new and 
 familiar nutritional challenges to children and their caregivers.

  The frequency of nutritional assessment may be highest in the early post-transplantation
 period and decreases as the dosage and side effects of immunosuppressive medications
 are reduced.

Immediate and short-term 
nutritional goals: Encourage intake.
   Promote blood pressure control.
   Maintain glucose, mineral, and
   electrolyte balance.

Long-term nutritional goals: Prevent chronic complications
   of immunosuppressive therapy: 
   – Excessive weight gain/obesity
   – Hyperlipidemia
   –  Hypertension
   –  Corticosteroid-induced 
    hyperglycemia and/or osteoporosis

 Dietary assessment, diet modifications, and counseling are suggested for kindney 
 transplant recipients to meet nutritional requirements while minimizing the side effects of 
 immunosuppressive medications. (R 10.1)  

Nutrition-Related Side Effects of Immunosuppressive Medications

anabolism and wound healing, maintain blood
pressure control, and maintain glucose, min-
eral, and electrolyte balance. In the long-term
stage of transplantation, nutritional goals are
targeted to preventing chronic complications
of immunosuppressive therapy, such as exces-
sive weight gain/obesity, hyperlipidemia, hy-
pertension, and corticosteroid-induced hyper-
glycemia and/or osteoporosis. Diet counseling
should begin early to review the dietary pre-
scription, nutrition-related medication side ef-
fects, and the nutrition care plan.

The first 3 to 6 months after transplantation
can be very challenging for children and their
caretakers, with many new routines and medica-
tions to learn. Because diets are advanced imme-
diately after transplantation, it is recommended
that patients be evaluated for appropriate energy,
protein, carbohydrate, and fat intakes. If there is
delayed normalization of kidney function, it is
prudent to follow restrictions similar to those
described for those with CKD stages 2 to 5 until
kidney function normalizes. Over time, as immu-
nosuppressant dosages decrease and their associ-
ated side effects recede, dietary modifications
can be liberalized. Although many patients resist
needing to follow a special posttransplantation
diet, this is an appropriate time to instruct a
healthy diet for age with a strong emphasis on
regular exercise.

Table 29 lists nutrition-related side effects of

currently used immunosuppressive agents in
transplant patients.

Several of the side effects listed are transient and
may last for only several weeks or months. Just as
in the pretransplantation period, adaptation to some
side effects often is possible, enabling a child to
return to normal activities of living despite them.
However, others present potentially life-long issues
that will need to be considered for at least the
duration of the transplant.

The frequency of nutritional assessment may
be highest in the early posttransplantation period
and decreases as the dosage and side effects of
immunosuppressive medications are reduced. At
a minimum, the frequency of nutritional assess-
ment should be compatible with age- and stage-
of-CKD–matched recommendations for children
with CKD stages 2 to 5 and 5D (Recommenda-
tion 1, Table 1).

10.2: To manage posttransplantation weight
gain, it is suggested that energy requirements of
children with CKD stages 1 to 5T be considered
equal to 100% of the EER for chronological
age, adjusted for PAL and body size (ie, BMI).
(C) Further adjustment to energy intake is
suggested based upon the response in rate of
weight gain or loss. (C)

There is no evidence that children who are
transplanted have increased or decreased energy
requirements compared with healthy children;
however, excessive weight gain in children who

Table 29. Nutrition-Related Side-Effects of Immunosuppressive Medications

Maintenance Agents Nutrition Side-Effects

Azathioprine Nausea, vomiting, sore throat, altered taste acuity
Corticosteroids (prednisone, methylprednisolone) Hyperglycemia, hyperlipidemia, sodium retention,

hypertension, increased appetite and weight gain,
osteoporosis, calciuria, muscle wasting, peptic ulcer
disease, impaired wound healing, electrolyte
disturbances

Calcineurin inhibitors (cyclosporine, tacrolimus) Hyperlipidemia, hyperglycemia, hypomagnesemia,
hyperkalemia, hypertension

Avoid grapefruit
Sirolimus Hyperlipidemia, gastrointestinal symptoms
Mycophenolate or Mycophenolic acid Diarrhea, nausea

Induction Agents Nutrition Side-Effects

Daclizumab Minimal side-effects
OKT-3 Nausea, vomiting, diarrhea, loss of appetite
Rabbit antithymocyte globulin (ATG, thymoglobulin) Decreased appetite

Adapted with permission.497

Recommendation 10S78

Immunosuppressed patients are more prone to develop infections, potentially including
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CKD. After transplantation, corticosteroids, cal-
cineurin inhibitors, and residual hyperparathy-
roidism may increase the risk of bone demineral-
ization,121 with bone loss most rapid during the
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tion,121,517 and estimates of the perceived preva-
lence of moderate plus severe osteopenia vary
according to analysis based on chronological age
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reference data.516 Whether deficits in bone min-
eral density are reversible upon discontinuation
of glucocorticoids is unclear. Pediatric kidney
transplant recipients also are at increased risk of
developing disabling bone disease, such as avas-
cular necrosis and bone fractures. In addition,
transplantation is part of the continuum of CKD,
and progressive damage to the graft will result in
bone mineral disorders similar to the effects of
CKD in the native kidney.121

Because of these issues, it is recommended
that serum levels of calcium, phosphorus, total
CO2, and PTH continue to be monitored after
transplantation (Table 30).121

To minimize bone mineral loss, daily supple-
mentation at the level of the DRI for calcium and
800 to 1,000 IU of vitamin D has been sug-
gested; however, there are no data for efficacy in
children. Children with CKD stages 3 to 5T with
bone mineral disorders should be managed ac-
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10.6: Water and drinks low in simple sug-
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Calcium Daily Weekly Monthly
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 Dietary modification is recommended for children with a kidney transplant
 who have hypertension or abnormal serum mineral or electrolyte concentrations
 associated with immunosuppressive drug therapy or impaired kidney function. (R 10.4)

Hypertension Occurs in the majority of children who undergo
   transplantation

   Most children receive antihypertensive medications
   throughout the immediate and follow-up
   post-transplantation period.

   Dietary sodium restriction is indicated to aid in
   blood pressure management.

Hyperkalemia Occurs frequently during immediate
   post-transplantation period in association with the
   medications cyclosporine and tacrolimus, especially
   when blood levels achieve or exceed therapeutic
   targets.
 
   Serum potassium levels should be monitored and a
   low-potassium diet implemented when indicated.

Hypophosphatemia Commonly seen in the early post-transplantation
   period.
 
   Occurs in association with an increase in urinary
   phosphate excretion, decreased intestinal
   phosphate absorption, and hyperparathyroidism
   persisting beyond the pretransplantation period.

   Encourage a diet high in phosphorus, but
   supplements may be required.

Hypomagnesemia Occurs early in the post-transplantation period as a 
   common side effect of calcineurin inhibitors.
  
   Increased dietary magnesium intake may be
   attempted, but supplements may be required.

Bone and Mineral DisordersImmunosuppressive MedicationsOverview

 Transplantation is not a cure. It is a state of chronic kidney disease (CKD), regardless of
 glomerular filtration rate (GFR) or other markers of kidney damage.

  Management of children with a kidney transplant includes care of the graft, but also care
 of the complications of CKD stages 1–5T.

 The short- and long-term effects of immunosuppressive medications present new and 
 familiar nutritional challenges to children and their caregivers.

  The frequency of nutritional assessment may be highest in the early post-transplantation
 period and decreases as the dosage and side effects of immunosuppressive medications
 are reduced.

Immediate and short-term 
nutritional goals: Encourage intake.
   Promote blood pressure control.
   Maintain glucose, mineral, and
   electrolyte balance.

Long-term nutritional goals: Prevent chronic complications
   of immunosuppressive therapy: 
   – Excessive weight gain/obesity
   – Hyperlipidemia
   –  Hypertension
   –  Corticosteroid-induced 
    hyperglycemia and/or osteoporosis

 Dietary assessment, diet modifications, and counseling are suggested for kindney 
 transplant recipients to meet nutritional requirements while minimizing the side effects of 
 immunosuppressive medications. (R 10.1)  

Nutrition-Related Side Effects of Immunosuppressive Medications

anabolism and wound healing, maintain blood
pressure control, and maintain glucose, min-
eral, and electrolyte balance. In the long-term
stage of transplantation, nutritional goals are
targeted to preventing chronic complications
of immunosuppressive therapy, such as exces-
sive weight gain/obesity, hyperlipidemia, hy-
pertension, and corticosteroid-induced hyper-
glycemia and/or osteoporosis. Diet counseling
should begin early to review the dietary pre-
scription, nutrition-related medication side ef-
fects, and the nutrition care plan.

The first 3 to 6 months after transplantation
can be very challenging for children and their
caretakers, with many new routines and medica-
tions to learn. Because diets are advanced imme-
diately after transplantation, it is recommended
that patients be evaluated for appropriate energy,
protein, carbohydrate, and fat intakes. If there is
delayed normalization of kidney function, it is
prudent to follow restrictions similar to those
described for those with CKD stages 2 to 5 until
kidney function normalizes. Over time, as immu-
nosuppressant dosages decrease and their associ-
ated side effects recede, dietary modifications
can be liberalized. Although many patients resist
needing to follow a special posttransplantation
diet, this is an appropriate time to instruct a
healthy diet for age with a strong emphasis on
regular exercise.

Table 29 lists nutrition-related side effects of

currently used immunosuppressive agents in
transplant patients.

Several of the side effects listed are transient and
may last for only several weeks or months. Just as
in the pretransplantation period, adaptation to some
side effects often is possible, enabling a child to
return to normal activities of living despite them.
However, others present potentially life-long issues
that will need to be considered for at least the
duration of the transplant.

The frequency of nutritional assessment may
be highest in the early posttransplantation period
and decreases as the dosage and side effects of
immunosuppressive medications are reduced. At
a minimum, the frequency of nutritional assess-
ment should be compatible with age- and stage-
of-CKD–matched recommendations for children
with CKD stages 2 to 5 and 5D (Recommenda-
tion 1, Table 1).

10.2: To manage posttransplantation weight
gain, it is suggested that energy requirements of
children with CKD stages 1 to 5T be considered
equal to 100% of the EER for chronological
age, adjusted for PAL and body size (ie, BMI).
(C) Further adjustment to energy intake is
suggested based upon the response in rate of
weight gain or loss. (C)

There is no evidence that children who are
transplanted have increased or decreased energy
requirements compared with healthy children;
however, excessive weight gain in children who

Table 29. Nutrition-Related Side-Effects of Immunosuppressive Medications

Maintenance Agents Nutrition Side-Effects

Azathioprine Nausea, vomiting, sore throat, altered taste acuity
Corticosteroids (prednisone, methylprednisolone) Hyperglycemia, hyperlipidemia, sodium retention,

hypertension, increased appetite and weight gain,
osteoporosis, calciuria, muscle wasting, peptic ulcer
disease, impaired wound healing, electrolyte
disturbances

Calcineurin inhibitors (cyclosporine, tacrolimus) Hyperlipidemia, hyperglycemia, hypomagnesemia,
hyperkalemia, hypertension

Avoid grapefruit
Sirolimus Hyperlipidemia, gastrointestinal symptoms
Mycophenolate or Mycophenolic acid Diarrhea, nausea

Induction Agents Nutrition Side-Effects

Daclizumab Minimal side-effects
OKT-3 Nausea, vomiting, diarrhea, loss of appetite
Rabbit antithymocyte globulin (ATG, thymoglobulin) Decreased appetite

Adapted with permission.497

Recommendation 10S78

Immunosuppressed patients are more prone to develop infections, potentially including
those brought on by disease-causing bacteria and other pathogens that cause food-borne 
illness (eg, Escherichia coli, Salmonella, and Listeria monocytogenes).

Counsel immunosuppressed children and families on food hygiene/safety and avoidance 
of foods that carry a high risk of food poisoning or food-borne infection. (R 10.7)

General Food Safety Recommendations for Immunosuppressed Children

 Clean: To avoid spreading bacteria throughout the kitchen, wash hands and food 
 preparation surfaces often.

 Separate: Avoid spreading bacteria from one food to another by keeping high-risk 
 foods, such as raw meat, poultry, seafood, and eggs away from ready-to-eat foods.

 Cook to proper temperatures: Foods are safely cooked when they are heated to the 
 USDA-recommended safe minimum internal temperature.

 Chill: Refrigerate foods promptly to slow the growth of harmful bacteria.

 Read labels to avoid purchasing food that is past its "sell by" or "use by" date.

 Buy only pasteurized milk, cheese, and other dairy products from the refrigerated
 section. Read labels to be sure that fruit juice selected from the refrigerated 
 section of the store is pasteurized.

 Purchase canned goods that are free of dents, cracks, or bulging lids.

 When eating out, avoid foods containing uncooked ingredients, such as eggs, meat, 
 poultry, or fish. Avoid buffets, which may contain undercooked foods or foods that
 have been at room temperature too long.

 After transplantation, children are predisposed to progressive bone disease and 
 osteoporosis. They are likely to have preestablished metabolic bone disease associated 
 with CKD and residual hyperparathyroidism. 

 The use of corticosteroids and calcineurin inhibitors after transplantation may increase
 risk of bone demineralization.

 Calcium and vitamin D intakes of at least 100% of the DRI are suggested. Total oral and/
 or enteral calcium intake from nutritional sources and phosphate binders should not 
 exceed 200% of the DRI. (R 10.5)

 Children with CKD stages 3 to 5T with bone mineral disorders should be managed 
 according to established recommendations for non-transplanted children with 
 similar GFRs.

Recommended Frequency of Measurement of Calcium, Phosphorus, 
PTH and Total CO2 After Transplant

Hyperkalemia in the immediate posttransplan-
tation period occurs frequently in association
with the medications cyclosporin and tacrolimus,
especially when blood levels achieve or exceed
therapeutic targets. Serum potassium levels
should be monitored and a low-potassium diet
should be implemented as indicated (see Recom-
mendation 8).

Hypophosphatemia is a common complica-
tion seen in the early stage of kidney transplan-
tation, occurring in up to 93% of adults during
the first few months posttransplantation.514

Low serum levels occur in association with an
increase in urinary phosphate excretion, de-
creased intestinal phosphate absorption, and
hyperparathyroidism that persists beyond the
pretransplantation period.514 Children with hy-
pophosphatemia can be encouraged to con-
sume a diet high in phosphorus (see Recom-
mendation 5, Table 13); however, phosphorus
supplements usually are required.121

Hypomagnesemia, a common side effect of
calcineurin inhibitors, occurs early in the post-
transplantation period. Increased dietary magne-
sium intake may be attempted; however, as in the
case of hypophosphatemia, the amount of magne-
sium required to correct serum levels typically
requires a magnesium supplement.

10.5: Calcium and vitamin D intakes of at
least 100% of the DRI are suggested for chil-
dren with CKD stages 1 to 5T. (C) In children
with CKD stages 1 to 5T, it is suggested that the
total oral and/or enteral calcium intake from
nutritional sources and phosphate binders not
exceed 200% of the DRI (see Recommendation
7.1). (C)

After transplantation, children are predisposed
to progressive bone disease and osteoporosis for
several reasons. They are likely to have preestab-
lished metabolic bone disease associated with

CKD. After transplantation, corticosteroids, cal-
cineurin inhibitors, and residual hyperparathy-
roidism may increase the risk of bone demineral-
ization,121 with bone loss most rapid during the
first year after transplantation.515 Osteopenia has
been confirmed by using bone biopsy data and/or
bone densitometry.516 Interpretation of DXA mea-
surement of bone mineral density is complicated
in children with delayed growth and matura-
tion,121,517 and estimates of the perceived preva-
lence of moderate plus severe osteopenia vary
according to analysis based on chronological age
(42%), height-age (15%), or sex-matched (23%)
reference data.516 Whether deficits in bone min-
eral density are reversible upon discontinuation
of glucocorticoids is unclear. Pediatric kidney
transplant recipients also are at increased risk of
developing disabling bone disease, such as avas-
cular necrosis and bone fractures. In addition,
transplantation is part of the continuum of CKD,
and progressive damage to the graft will result in
bone mineral disorders similar to the effects of
CKD in the native kidney.121

Because of these issues, it is recommended
that serum levels of calcium, phosphorus, total
CO2, and PTH continue to be monitored after
transplantation (Table 30).121

To minimize bone mineral loss, daily supple-
mentation at the level of the DRI for calcium and
800 to 1,000 IU of vitamin D has been sug-
gested; however, there are no data for efficacy in
children. Children with CKD stages 3 to 5T with
bone mineral disorders should be managed ac-
cording to established recommendations for non-
transplantation children with similar GFRs (see
Recommendation 7).

10.6: Water and drinks low in simple sug-
ars are the suggested beverages for children
with CKD stages 1 to 5T with high minimum
total daily fluid intakes (except those who are

Table 30. Recommended Frequency of Measurement of Calcium, Phosphorus, PTH and Total CO2

After Transplant

Parameter Week 1 First 2 Months 2-6 Months �6 Months

Calcium Daily Weekly Monthly

As per guidelines for stage of CKD
Phosphorus Daily Weekly Monthly
PTH Optional At 1 month, then optional If normal initially, optional
Total CO2 Daily Weekly Monthly

Adapted with permission.121

Nutritional Management of Transplant Patients S81

Hypertension and Electrolyte Disturbances



5.5” 5.5” 5.375” 5.375”

 Dietary modification is recommended for children with a kidney transplant
 who have hypertension or abnormal serum mineral or electrolyte concentrations
 associated with immunosuppressive drug therapy or impaired kidney function. (R 10.4)

Hypertension Occurs in the majority of children who undergo
   transplantation

   Most children receive antihypertensive medications
   throughout the immediate and follow-up
   post-transplantation period.

   Dietary sodium restriction is indicated to aid in
   blood pressure management.

Hyperkalemia Occurs frequently during immediate
   post-transplantation period in association with the
   medications cyclosporine and tacrolimus, especially
   when blood levels achieve or exceed therapeutic
   targets.
 
   Serum potassium levels should be monitored and a
   low-potassium diet implemented when indicated.

Hypophosphatemia Commonly seen in the early post-transplantation
   period.
 
   Occurs in association with an increase in urinary
   phosphate excretion, decreased intestinal
   phosphate absorption, and hyperparathyroidism
   persisting beyond the pretransplantation period.

   Encourage a diet high in phosphorus, but
   supplements may be required.

Hypomagnesemia Occurs early in the post-transplantation period as a 
   common side effect of calcineurin inhibitors.
  
   Increased dietary magnesium intake may be
   attempted, but supplements may be required.

Bone and Mineral DisordersImmunosuppressive MedicationsOverview

 Transplantation is not a cure. It is a state of chronic kidney disease (CKD), regardless of
 glomerular filtration rate (GFR) or other markers of kidney damage.

  Management of children with a kidney transplant includes care of the graft, but also care
 of the complications of CKD stages 1–5T.

 The short- and long-term effects of immunosuppressive medications present new and 
 familiar nutritional challenges to children and their caregivers.

  The frequency of nutritional assessment may be highest in the early post-transplantation
 period and decreases as the dosage and side effects of immunosuppressive medications
 are reduced.

Immediate and short-term 
nutritional goals: Encourage intake.
   Promote blood pressure control.
   Maintain glucose, mineral, and
   electrolyte balance.

Long-term nutritional goals: Prevent chronic complications
   of immunosuppressive therapy: 
   – Excessive weight gain/obesity
   – Hyperlipidemia
   –  Hypertension
   –  Corticosteroid-induced 
    hyperglycemia and/or osteoporosis

 Dietary assessment, diet modifications, and counseling are suggested for kindney 
 transplant recipients to meet nutritional requirements while minimizing the side effects of 
 immunosuppressive medications. (R 10.1)  

Nutrition-Related Side Effects of Immunosuppressive Medications

anabolism and wound healing, maintain blood
pressure control, and maintain glucose, min-
eral, and electrolyte balance. In the long-term
stage of transplantation, nutritional goals are
targeted to preventing chronic complications
of immunosuppressive therapy, such as exces-
sive weight gain/obesity, hyperlipidemia, hy-
pertension, and corticosteroid-induced hyper-
glycemia and/or osteoporosis. Diet counseling
should begin early to review the dietary pre-
scription, nutrition-related medication side ef-
fects, and the nutrition care plan.

The first 3 to 6 months after transplantation
can be very challenging for children and their
caretakers, with many new routines and medica-
tions to learn. Because diets are advanced imme-
diately after transplantation, it is recommended
that patients be evaluated for appropriate energy,
protein, carbohydrate, and fat intakes. If there is
delayed normalization of kidney function, it is
prudent to follow restrictions similar to those
described for those with CKD stages 2 to 5 until
kidney function normalizes. Over time, as immu-
nosuppressant dosages decrease and their associ-
ated side effects recede, dietary modifications
can be liberalized. Although many patients resist
needing to follow a special posttransplantation
diet, this is an appropriate time to instruct a
healthy diet for age with a strong emphasis on
regular exercise.

Table 29 lists nutrition-related side effects of

currently used immunosuppressive agents in
transplant patients.

Several of the side effects listed are transient and
may last for only several weeks or months. Just as
in the pretransplantation period, adaptation to some
side effects often is possible, enabling a child to
return to normal activities of living despite them.
However, others present potentially life-long issues
that will need to be considered for at least the
duration of the transplant.

The frequency of nutritional assessment may
be highest in the early posttransplantation period
and decreases as the dosage and side effects of
immunosuppressive medications are reduced. At
a minimum, the frequency of nutritional assess-
ment should be compatible with age- and stage-
of-CKD–matched recommendations for children
with CKD stages 2 to 5 and 5D (Recommenda-
tion 1, Table 1).

10.2: To manage posttransplantation weight
gain, it is suggested that energy requirements of
children with CKD stages 1 to 5T be considered
equal to 100% of the EER for chronological
age, adjusted for PAL and body size (ie, BMI).
(C) Further adjustment to energy intake is
suggested based upon the response in rate of
weight gain or loss. (C)

There is no evidence that children who are
transplanted have increased or decreased energy
requirements compared with healthy children;
however, excessive weight gain in children who

Table 29. Nutrition-Related Side-Effects of Immunosuppressive Medications

Maintenance Agents Nutrition Side-Effects

Azathioprine Nausea, vomiting, sore throat, altered taste acuity
Corticosteroids (prednisone, methylprednisolone) Hyperglycemia, hyperlipidemia, sodium retention,

hypertension, increased appetite and weight gain,
osteoporosis, calciuria, muscle wasting, peptic ulcer
disease, impaired wound healing, electrolyte
disturbances

Calcineurin inhibitors (cyclosporine, tacrolimus) Hyperlipidemia, hyperglycemia, hypomagnesemia,
hyperkalemia, hypertension

Avoid grapefruit
Sirolimus Hyperlipidemia, gastrointestinal symptoms
Mycophenolate or Mycophenolic acid Diarrhea, nausea

Induction Agents Nutrition Side-Effects

Daclizumab Minimal side-effects
OKT-3 Nausea, vomiting, diarrhea, loss of appetite
Rabbit antithymocyte globulin (ATG, thymoglobulin) Decreased appetite

Adapted with permission.497

Recommendation 10S78

Immunosuppressed patients are more prone to develop infections, potentially including
those brought on by disease-causing bacteria and other pathogens that cause food-borne 
illness (eg, Escherichia coli, Salmonella, and Listeria monocytogenes).

Counsel immunosuppressed children and families on food hygiene/safety and avoidance 
of foods that carry a high risk of food poisoning or food-borne infection. (R 10.7)

General Food Safety Recommendations for Immunosuppressed Children

 Clean: To avoid spreading bacteria throughout the kitchen, wash hands and food 
 preparation surfaces often.

 Separate: Avoid spreading bacteria from one food to another by keeping high-risk 
 foods, such as raw meat, poultry, seafood, and eggs away from ready-to-eat foods.

 Cook to proper temperatures: Foods are safely cooked when they are heated to the 
 USDA-recommended safe minimum internal temperature.

 Chill: Refrigerate foods promptly to slow the growth of harmful bacteria.

 Read labels to avoid purchasing food that is past its "sell by" or "use by" date.

 Buy only pasteurized milk, cheese, and other dairy products from the refrigerated
 section. Read labels to be sure that fruit juice selected from the refrigerated 
 section of the store is pasteurized.

 Purchase canned goods that are free of dents, cracks, or bulging lids.

 When eating out, avoid foods containing uncooked ingredients, such as eggs, meat, 
 poultry, or fish. Avoid buffets, which may contain undercooked foods or foods that
 have been at room temperature too long.

 After transplantation, children are predisposed to progressive bone disease and 
 osteoporosis. They are likely to have preestablished metabolic bone disease associated 
 with CKD and residual hyperparathyroidism. 

 The use of corticosteroids and calcineurin inhibitors after transplantation may increase
 risk of bone demineralization.

 Calcium and vitamin D intakes of at least 100% of the DRI are suggested. Total oral and/
 or enteral calcium intake from nutritional sources and phosphate binders should not 
 exceed 200% of the DRI. (R 10.5)

 Children with CKD stages 3 to 5T with bone mineral disorders should be managed 
 according to established recommendations for non-transplanted children with 
 similar GFRs.

Recommended Frequency of Measurement of Calcium, Phosphorus, 
PTH and Total CO2 After Transplant

Hyperkalemia in the immediate posttransplan-
tation period occurs frequently in association
with the medications cyclosporin and tacrolimus,
especially when blood levels achieve or exceed
therapeutic targets. Serum potassium levels
should be monitored and a low-potassium diet
should be implemented as indicated (see Recom-
mendation 8).

Hypophosphatemia is a common complica-
tion seen in the early stage of kidney transplan-
tation, occurring in up to 93% of adults during
the first few months posttransplantation.514

Low serum levels occur in association with an
increase in urinary phosphate excretion, de-
creased intestinal phosphate absorption, and
hyperparathyroidism that persists beyond the
pretransplantation period.514 Children with hy-
pophosphatemia can be encouraged to con-
sume a diet high in phosphorus (see Recom-
mendation 5, Table 13); however, phosphorus
supplements usually are required.121

Hypomagnesemia, a common side effect of
calcineurin inhibitors, occurs early in the post-
transplantation period. Increased dietary magne-
sium intake may be attempted; however, as in the
case of hypophosphatemia, the amount of magne-
sium required to correct serum levels typically
requires a magnesium supplement.

10.5: Calcium and vitamin D intakes of at
least 100% of the DRI are suggested for chil-
dren with CKD stages 1 to 5T. (C) In children
with CKD stages 1 to 5T, it is suggested that the
total oral and/or enteral calcium intake from
nutritional sources and phosphate binders not
exceed 200% of the DRI (see Recommendation
7.1). (C)

After transplantation, children are predisposed
to progressive bone disease and osteoporosis for
several reasons. They are likely to have preestab-
lished metabolic bone disease associated with

CKD. After transplantation, corticosteroids, cal-
cineurin inhibitors, and residual hyperparathy-
roidism may increase the risk of bone demineral-
ization,121 with bone loss most rapid during the
first year after transplantation.515 Osteopenia has
been confirmed by using bone biopsy data and/or
bone densitometry.516 Interpretation of DXA mea-
surement of bone mineral density is complicated
in children with delayed growth and matura-
tion,121,517 and estimates of the perceived preva-
lence of moderate plus severe osteopenia vary
according to analysis based on chronological age
(42%), height-age (15%), or sex-matched (23%)
reference data.516 Whether deficits in bone min-
eral density are reversible upon discontinuation
of glucocorticoids is unclear. Pediatric kidney
transplant recipients also are at increased risk of
developing disabling bone disease, such as avas-
cular necrosis and bone fractures. In addition,
transplantation is part of the continuum of CKD,
and progressive damage to the graft will result in
bone mineral disorders similar to the effects of
CKD in the native kidney.121

Because of these issues, it is recommended
that serum levels of calcium, phosphorus, total
CO2, and PTH continue to be monitored after
transplantation (Table 30).121

To minimize bone mineral loss, daily supple-
mentation at the level of the DRI for calcium and
800 to 1,000 IU of vitamin D has been sug-
gested; however, there are no data for efficacy in
children. Children with CKD stages 3 to 5T with
bone mineral disorders should be managed ac-
cording to established recommendations for non-
transplantation children with similar GFRs (see
Recommendation 7).

10.6: Water and drinks low in simple sug-
ars are the suggested beverages for children
with CKD stages 1 to 5T with high minimum
total daily fluid intakes (except those who are

Table 30. Recommended Frequency of Measurement of Calcium, Phosphorus, PTH and Total CO2

After Transplant

Parameter Week 1 First 2 Months 2-6 Months �6 Months

Calcium Daily Weekly Monthly

As per guidelines for stage of CKD
Phosphorus Daily Weekly Monthly
PTH Optional At 1 month, then optional If normal initially, optional
Total CO2 Daily Weekly Monthly

Adapted with permission.121
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Abbreviations
AMDR  Acceptable macronutrient distribution ranges
BMI   Body mass index
CKD   Chronic kidney disease
DRI   Dietary reference intake
EER   Estimated energy requirement
GFR   Glomerular filtration rate
PAL   Physical activity level
R    Recommendation
SD   Standard deviation
T    Transplant 

Reference:
National Kidney Foundation. KDOQI clinical practice guideline for nutrition in 
children with CKD: 2008 update. Am J Kid Dis. 2009;53(suppl 2):S1-S124. 

Notice:
SECTION I: USE OF THE CLINICAL PRACTICE GUIDELINE
This Clinical Practice Guideline document is based upon the best information 
available at the time of publication. It is designed to provide information and assist 
decision–making. It is not intended to define a standard of care and should not be 
construed as one, nor should it be interpreted as prescribing an exclusive course of 
management. Variations in practice will inevitably and appropriately occur when 
clinicians take into account the needs of individual patients, available resources, 
and limitations unique to an institution or a type of practice. Every health care 
professional making use of these recommendations is responsible for evaluating
the appropriateness of applying them in the setting of any particular 
clinical situation.

SECTION II: DISCLOSURE
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reasonably perceived conflicts of interest that may arise as a result of an outside 
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be perceived as actual conflicts of interest.

Nutritional 
Management 

  
Children 

With a Kidney
Transplant

Based on the KDOQI Clinical Practice 
Guideline for Nutrition in Children 

With CKD:  2008 Update

Obesity, Diabetes, and Dyslipidemia

 Children who are obese before kidney transplantation have shown an increased risk of 
 mortality and decreased long-term kidney allograft survival. 

 After transplantation, all age groups have shown rapid weight gain in the first 6 months, with 
 children gaining weight in the first year. 

 Obesity may develop after transplantation, and weight gain may be more 
 significant in those who were obese before transplantation.

  Glucose intolerance and hyperglycemia occur early after transplantation in association 
 with surgical stress and corticosteroid and calcineurin inhibitor therapy, with serum glucose
 levels decreasing as immunosuppressant dosages decrease. 

 Dyslipidemia occurs frequently after kidney transplantation and promotes atherosclerosis.

 Dyslipidemia may be associated with proteinuria in chronic allograft nephropathy, 
 recurrent disease, obesity, and/or use of immunosuppressive medications.

 To manage weight gain, consider energy requirements to be equal to 100% of the EER 
 for chronologic age, adjusted for (PAL) and (ie, BMI). Adjust energy intake based upon 
 the response in rate of weight gain or loss. (R 10.2)

  Balance calories from carbohydrates, proteins, and unsaturated fats according to the  
 physiological ranges recommended as the acceptable macronutrient distribution ranges 
 (AMDR) of the dietary reference intake (DRI), in order to prevent or manage excessive weight
 gain, dyslipidemia, and corticosteroid-induced diabetes. (R 10.3) 

  Encourage children to avoid simple sugars in the early post-transplantation period (the first 3
 to 6 months) when corticosteroid doses are highest and weight gain is most rapid. 
 – When blood sugar levels stabilize, it may still be necessary to restrict simple sugars to manage
  weight gain and hypertriglyceridemia.

  Encourage intake of fl uids low in simple sugars for children with high minimum total daily
 fl uid intake (except those who are underweight, ie, BMI-for-height-age <5th percentile) to
 avoid excessive weight gain, promote dental health, and avoid exacerbating hyperglycemia.
 (R 10.6)
 – A high volume of fl uid intake generally is prescribed to stimulate kidney function,
  replace high urine output, and regulate intravascular volume.
 – The majority of fl uid intake should come from water, fat-free or low-fat milk, and
  sugar-free drinks (except for in children who need to gain weight).

In children who resist overt dietary modifi cation, healthy food preparation methods should

at least be emphasized, including the use of such heart-friendly fats as canola or olive oils

and margarines.

Dietary Treatment Recommendations for Children With Dyslipidemia and CKD Stages 5, 5D, 
and Kidney Transplant

Encourage exercise, in combination with diet modifi cation, to prevent and/or aid in the

management of overweight, hypertension, and dyslipidemia.

– Recommendations for children include encouraging time spent in active play (goal

≥1 hour/day) and limiting screen time (television + computer + video games) to 

 2 hours/day or less.

take make macronutrient modifications more
challenging to achieve.

The extent to which the macronutrient content
of the diet should be manipulated must consider
the child’s nutritional status and other dietary
mineral and/or electrolyte restrictions. The first
priority for nutritional care is meeting energy,
protein, and micronutrient requirements to
achieve optimal growth for individual children.
If a child is well nourished, adding dietary modi-
fications for dyslipidemia prevention or manage-
ment can be safely undertaken. Studies of the
general pediatric population have shown that
dietary fat restriction to 30% of total caloric
intake is safe and, in particular, free of adverse
effects on growth, development, or nutri-
tion.240,241

Renal diet restrictions to control uremia (pro-
tein) and mineral and electrolyte abnormalities
limit the variety and palatability of the diet, and
additional (dyslipidemia) restrictions can be over-
whelming and may reduce caloric intake further.
In light of this, dietary intervention for treatment
of dyslipidemia is not recommended for under-

nourished children with CKD220,223; however,
such simple changes as a switch to heart-healthy
fats can be implemented easily.

4.6: Dietary and lifestyle changes are sug-
gested to achieve weight control in overweight
or obese children with CKD stages 2 to 5 and
5D. (C)

Childhood obesity is an international public
health problem reaching epidemic proportions. A
review of data from the US Renal Data System
for more than 1,900 pediatric dialysis or trans-
plant patients showed that mortality rates were
significantly higher at the upper and lower ex-
tremes of BMI-for-age.49 Pretransplantation obe-
sity and increased BMI-for-age after transplanta-
tion are associated with decreased long-term
renal allograft survival.176 Prevention and treat-
ment of obesity in patients with CKD is also
important to reduce the risk of hyperlipid-
emia.242

A multiorganization scientific statement on
cardiovascular risk reduction in high-risk pediat-
ric patients made the following recommenda-
tions for high-risk children, including those with

Table 9. Dietary Treatment Recommendations for Children with Dyslipidemia and CKD Stages 5, 5D,
and Kidney Transplant

Macronutrient Serum LDL-C �100 mg/dL Serum TG �150 mg/dL

Energy If associated with excess weight, energy balance �
activity recommendations for weight loss

Dietary fat �30% of calories Low
Dietary cholesterol �200 mg/d
Trans fatty acids Avoid
Saturated fatty acids �7% of calories
Carbohydrate Low simple carbohydrate

Source: Kavey et al.173

Table 10. Tips to Implement AHA Pediatric Dietary Guidelines for Prevention or Treatment of Dyslipidemia and
CVD in Prepubertal Children

Reduce added sugars, including sugar-sweetened drinks and juices.
Use canola, soybean, corn, or safflower oils, or other unsaturated oils, in place of solid fats during food preparation.
Use fresh, frozen, and canned vegetables and fruits, and serve at every meal; be careful with added sauces and sugar.
Introduce and regularly serve fish as an entrée.
Remove the skin from poultry before eating.
Use only lean cuts of meat and reduced-fat meat products.
Limit high-calorie sauces such as Alfredo, cream sauces, cheese sauces, and hollandaise.
Eat whole-grain breads and cereals rather than refined products.
Eat more legumes (beans) and tofu in place of meat for some entrees.
Read food labels—especially for breads, breakfast cereals, and prepared foods—for content, and choose high-fiber, low-

salt/low-sugar alternatives.

Source: Gidding et al.239
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Abbreviations
AMDR  Acceptable macronutrient distribution ranges
BMI   Body mass index
CKD   Chronic kidney disease
DRI   Dietary reference intake
EER   Estimated energy requirement
GFR   Glomerular filtration rate
PAL   Physical activity level
R    Recommendation
SD   Standard deviation
T    Transplant 

Reference:
National Kidney Foundation. KDOQI clinical practice guideline for nutrition in 
children with CKD: 2008 update. Am J Kid Dis. 2009;53(suppl 2):S1-S124. 

Notice:
SECTION I: USE OF THE CLINICAL PRACTICE GUIDELINE
This Clinical Practice Guideline document is based upon the best information 
available at the time of publication. It is designed to provide information and assist 
decision–making. It is not intended to define a standard of care and should not be 
construed as one, nor should it be interpreted as prescribing an exclusive course of 
management. Variations in practice will inevitably and appropriately occur when 
clinicians take into account the needs of individual patients, available resources, 
and limitations unique to an institution or a type of practice. Every health care 
professional making use of these recommendations is responsible for evaluating
the appropriateness of applying them in the setting of any particular 
clinical situation.

SECTION II: DISCLOSURE
The National Kidney Foundation (NKF) makes every effort to avoid any actual or
reasonably perceived conflicts of interest that may arise as a result of an outside 
relationship or a personal, professional, or business interest of a member of the
Work Group. All members of the Work Group are required to complete, sign, and 
submit a disclosure and attestation form showing all such relationships that might 
be perceived as actual conflicts of interest.

Nutritional 
Management 

  
Children 

With a Kidney
Transplant

Based on the KDOQI Clinical Practice 
Guideline for Nutrition in Children 

With CKD:  2008 Update

Obesity, Diabetes, and Dyslipidemia

 Children who are obese before kidney transplantation have shown an increased risk of 
 mortality and decreased long-term kidney allograft survival. 

 After transplantation, all age groups have shown rapid weight gain in the first 6 months, with 
 children gaining weight in the first year. 

 Obesity may develop after transplantation, and weight gain may be more 
 significant in those who were obese before transplantation.

  Glucose intolerance and hyperglycemia occur early after transplantation in association 
 with surgical stress and corticosteroid and calcineurin inhibitor therapy, with serum glucose
 levels decreasing as immunosuppressant dosages decrease. 

 Dyslipidemia occurs frequently after kidney transplantation and promotes atherosclerosis.

 Dyslipidemia may be associated with proteinuria in chronic allograft nephropathy, 
 recurrent disease, obesity, and/or use of immunosuppressive medications.

 To manage weight gain, consider energy requirements to be equal to 100% of the EER 
 for chronologic age, adjusted for (PAL) and (ie, BMI). Adjust energy intake based upon 
 the response in rate of weight gain or loss. (R 10.2)

  Balance calories from carbohydrates, proteins, and unsaturated fats according to the  
 physiological ranges recommended as the acceptable macronutrient distribution ranges 
 (AMDR) of the dietary reference intake (DRI), in order to prevent or manage excessive weight
 gain, dyslipidemia, and corticosteroid-induced diabetes. (R 10.3) 

  Encourage children to avoid simple sugars in the early post-transplantation period (the first 3
 to 6 months) when corticosteroid doses are highest and weight gain is most rapid. 
 – When blood sugar levels stabilize, it may still be necessary to restrict simple sugars to manage
  weight gain and hypertriglyceridemia.

  Encourage intake of fl uids low in simple sugars for children with high minimum total daily
 fl uid intake (except those who are underweight, ie, BMI-for-height-age <5th percentile) to
 avoid excessive weight gain, promote dental health, and avoid exacerbating hyperglycemia.
 (R 10.6)
 – A high volume of fl uid intake generally is prescribed to stimulate kidney function,
  replace high urine output, and regulate intravascular volume.
 – The majority of fl uid intake should come from water, fat-free or low-fat milk, and
  sugar-free drinks (except for in children who need to gain weight).

In children who resist overt dietary modifi cation, healthy food preparation methods should

at least be emphasized, including the use of such heart-friendly fats as canola or olive oils

and margarines.

Dietary Treatment Recommendations for Children With Dyslipidemia and CKD Stages 5, 5D, 
and Kidney Transplant

Encourage exercise, in combination with diet modifi cation, to prevent and/or aid in the

management of overweight, hypertension, and dyslipidemia.

– Recommendations for children include encouraging time spent in active play (goal

≥1 hour/day) and limiting screen time (television + computer + video games) to 

 2 hours/day or less.

take make macronutrient modifications more
challenging to achieve.

The extent to which the macronutrient content
of the diet should be manipulated must consider
the child’s nutritional status and other dietary
mineral and/or electrolyte restrictions. The first
priority for nutritional care is meeting energy,
protein, and micronutrient requirements to
achieve optimal growth for individual children.
If a child is well nourished, adding dietary modi-
fications for dyslipidemia prevention or manage-
ment can be safely undertaken. Studies of the
general pediatric population have shown that
dietary fat restriction to 30% of total caloric
intake is safe and, in particular, free of adverse
effects on growth, development, or nutri-
tion.240,241

Renal diet restrictions to control uremia (pro-
tein) and mineral and electrolyte abnormalities
limit the variety and palatability of the diet, and
additional (dyslipidemia) restrictions can be over-
whelming and may reduce caloric intake further.
In light of this, dietary intervention for treatment
of dyslipidemia is not recommended for under-

nourished children with CKD220,223; however,
such simple changes as a switch to heart-healthy
fats can be implemented easily.

4.6: Dietary and lifestyle changes are sug-
gested to achieve weight control in overweight
or obese children with CKD stages 2 to 5 and
5D. (C)

Childhood obesity is an international public
health problem reaching epidemic proportions. A
review of data from the US Renal Data System
for more than 1,900 pediatric dialysis or trans-
plant patients showed that mortality rates were
significantly higher at the upper and lower ex-
tremes of BMI-for-age.49 Pretransplantation obe-
sity and increased BMI-for-age after transplanta-
tion are associated with decreased long-term
renal allograft survival.176 Prevention and treat-
ment of obesity in patients with CKD is also
important to reduce the risk of hyperlipid-
emia.242

A multiorganization scientific statement on
cardiovascular risk reduction in high-risk pediat-
ric patients made the following recommenda-
tions for high-risk children, including those with

Table 9. Dietary Treatment Recommendations for Children with Dyslipidemia and CKD Stages 5, 5D,
and Kidney Transplant

Macronutrient Serum LDL-C �100 mg/dL Serum TG �150 mg/dL

Energy If associated with excess weight, energy balance �
activity recommendations for weight loss

Dietary fat �30% of calories Low
Dietary cholesterol �200 mg/d
Trans fatty acids Avoid
Saturated fatty acids �7% of calories
Carbohydrate Low simple carbohydrate

Source: Kavey et al.173

Table 10. Tips to Implement AHA Pediatric Dietary Guidelines for Prevention or Treatment of Dyslipidemia and
CVD in Prepubertal Children

Reduce added sugars, including sugar-sweetened drinks and juices.
Use canola, soybean, corn, or safflower oils, or other unsaturated oils, in place of solid fats during food preparation.
Use fresh, frozen, and canned vegetables and fruits, and serve at every meal; be careful with added sauces and sugar.
Introduce and regularly serve fish as an entrée.
Remove the skin from poultry before eating.
Use only lean cuts of meat and reduced-fat meat products.
Limit high-calorie sauces such as Alfredo, cream sauces, cheese sauces, and hollandaise.
Eat whole-grain breads and cereals rather than refined products.
Eat more legumes (beans) and tofu in place of meat for some entrees.
Read food labels—especially for breads, breakfast cereals, and prepared foods—for content, and choose high-fiber, low-

salt/low-sugar alternatives.

Source: Gidding et al.239
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