
DIET FOR  
RENAL DISEASES 



INTRODUCTION TO KIDNEY 



ANATOMY  
The kidneys are two retroperitoneal organs the size of a fist. The right 
kidney is usually found to be slightly lower than the left kidney. Each 
kidney is 11–12 cm long, 5–7.5 cm wide, and 2.5–3 cm thick. The 
average weight of a kidney in adults is 125–170 grams in men and 
115–155 grams in women. 
The kidney is made up of a complex capillary network and an array of 
tubules that perform regulatory and metabolic functions that are vital 
to life.The functioning unit of the kidney is called the nephron. Each 
kidney consists of approximately 1.2 million nephrons. Each nephron 
is made up of a glomerulus, which is a capillary tuft located between 
two arterioles (the afferent and the efferent), and a network of tubules 
lined by epithelial cells. 



ANATOMY  
The afferent arteriole carries blood to the glomerulus, and the 
efferent arteriole carries blood away from it. The nephron 
extends through three sections of the kidney called the cortex, 
outer medulla, and inner medulla. Tubules are divided into 
several sections that differ by the type of epithelial cells that 
they contain, including the proximal convoluted tubule, the 
loop of Henle, the distal convoluted tubule and the collecting 
duct.The cortex contains the glomeruli and the proximal and 
distal convoluted tubules. 



PHYSIOLOGY 
The primary functions of the kidney include maintenance of 
homeostasis through control of fluid, pH, and electrolyte balance and 
blood pressure; excretion of metabolic endproducts and foreign 
substances; and the production of enzymes and hormones. By 
understanding this normal physiology, you will be able to understand 
how the direct consequences of the loss of renal function result within 
various disease states. 
Urine formation is a crucial component in the maintenance of 
homeostasis. As systemic blood filters through the glomerulus, which 
filters large proteins and blood cells, the first step in urine formation 
occurs 
 



Ultrafiltrate is modified as it passes through the network of tubules, 
either by reabsorption of amino acids, glucose, selective minerals, 
and water or by secretion of solutes and water. 
Sodium is regulated by the kidneys, under the control of aldosterone. 
If serum sodium levels are elevated, sodium is exchanged with 
potassium so that homeostasis is restored. The kidney additionally 
plays a significant role in blood pressure control. Cardiac output and 
blood pressure are dependent on plasma volume. The formation of 
urine also serves as the route for excretion of waste products, 
including the byproducts of metabolism such as uric acid, creatinine, 
and urea. Other wastes excreted are drugs and environmental 
toxins.The kidney’s role in controlling both hydrogen and bicarbonate 
ions is a critical component of the maintenance of pH. 







CHRONIC KIDNEY DISEASE 



DEFINITION AND DIAGNOSIS 
●  Chronic kidney disease (CKD) is a syndrome of progressive 

and irreversible loss of the excretory, endocrine, and 
metabolic functions of the kidney secondary to kidney 
damage. CKD progresses slowly over time, and there may 
be intervals during which kidney functions remain stable. 

●  The National Kidney Disease Education Program (NKDEP) 
has defined CKD as having a GFR of less than 60 mL/min/
1.73 m2 for three months or longer and/or albuminuria of 
more than 30 mg of urinary albumin per gram of urinary 
creatinine. 



THE NATIONAL KIDNEY FOUNDATION 
DESCRIBES FIVE STAGES OF 
CHRONIC KIDNEY DISEASE 



EPIDEMIOLOGY & ETIOLOGY 
●  Nearly one in every nine adults has CKD and millions more are at risk 

for developing the condition. The incidence of CKD is even higher 
among patients with diabetes mellitus, cardiovascular disease, and 
hypertension. 

●  Diabetes, hypertension, and glomerulonephritis are the leading causes 
of kidney failure; however, there are the following additional causes and 
risk factors associated with the disease: 

●  Ethnicity—African-Americans are nearly four times as likely to develop 
kidney failure as white Americans; Native Americans are nearly two 
times as likely, and Hispanic Americans have nearly twice the risk of 
non-Hispanic whites 

●  Family history—CKD runs in families, so one’s risk is greater if a family 
member has kidney failure 

●  Hereditary factors such as polycystic kidney disease (PKD) 
●  A direct and forceful blow to the kidneys 
●  Prolonged consumption of over-the-counter painkillers that combine 

aspirin, acetaminophen, and other medicines such as ibuprofen 
 



HOW DOES DIABETES LEAD TO CKD? 
Diabetic nephropathy is the most common cause of CKD in the United 
States. People with either type 1 or type 2 diabetes are at increased risk. The 
risk is greater if blood sugars are not controlled. The earliest detectable 
change in the course of diabetic nephropathy is a thickening in the 
glomerulus, perhaps caused by hyperglycemia and a change in the basement 
membrane of the tissue. Since the glomerulus is responsible for filtering the 
blood and the fluid that eventually forms urine, as these glomeruler changes 
occur, the kidney may start allowing more protein (albumin) than normal to be 
excreted in the urine. As diabetic nephropathy progresses, increasing 
numbers of glomeruli are destroyed and increasing amounts of albumin are 
excreted, which can be detected by a urinalysis. As the number of functioning 
nephrons declines, each remaining nephron must clear an increasing solute 
load. Eventually, the limit to the amount of solute that can be cleared is 
achieved and the concentration in body fluids increases, leading to azotemia 
and uremia. Because the progression is slow (microalbuminuria can continue 
up to 5–10 years before other symptoms develop), the body can partially 
adapt to the changes. At this point, a kidney biopsy clearly shows diabetic 
nephropathy. 



TREATMENT 
The goal of medical and nutritional management of kidney disease is to 
treat the underlying renal pathophysiology in order to delay the progression 
of the disease. Medical and nutritional care correlates with the level of 
kidney dysfunction. For example, those individuals with stage 1 or 2 CKD 
may initially only require EPO replacement and supplementation of vitamin 
D. Progression of the disease is highly individualized, and many patients 
may remain at these initial stages for months to years. However, when CKD 
progresses to end stage of renal disease (ESRD or CKD stage 5) and 
harmful wastes build up in the blood, blood pressure rises, and excess fluid 
is retained, more extensive treatment is needed to replace the work of the 
kidneys. Treatment options include hemodialysis, peritoneal dialysis, and 
kidney transplantation. 



MEDICAL NUTRITION THERAPY IN CKD 

As kidney function deteriorates, the ability of the kidney to 
excrete metabolic products of protein, regulate acid/base 
balance, produce adequate amounts of erythropoietin, 
activate vitamin D, and regulate calcium, phosphorus, 
potassium, sodium, and fluid excretion diminishes. Therefore, 
nutrients that are usually affected by CKD include protein, 
energy, sodium, potassium, phosphorus, calcium, vitamins, 
minerals, and fluid. As a result modifications in these 
nutrients are frequently necessary. 



PROTEIN 
In CKD, as the GFR and excretion of nitrogenous wastes decline, it is 
necessary to control the level of protein intake while continuing to maintain a 
positive nitrogen balance. Protein restriction can minimize the symptoms of 
uremic toxicity by reducing the production of nitrogenous wastes in the blood. 
Some evidence also suggests that protein restriction early in the course of 
CKD due to glomerular damage may slow the progression of the disease and 
delay the need to initiate dialysis therapy. The generally accepted level of 
protein restriction for patients with CKD stages 1 to 3 is 0.75g/kg per day, 
which is approximately what the DRIs recommend for normal healthy adults. 
This is actually a restriction for most individuals, as the American diet is 
generally much greater in protein content. For stages 4 and 5 (GFR <25 mL/
minute), 0.6 g/kg per day (using an adjusted body weight if the patient is 
obese) is suggested, only if feasible to meet overall nutritional needs. 



PROTEIN 

Approximately 50 percent of high biological value protein (HBV) is usually 
encouraged to ensure that essential amino acid requirements are met. The 
biological value of a dietary protein is determined by its constituent amino 
acids, with the highest value given to proteins that contain all essential 
amino acids, such as eggs, meats, and other animal proteins. It has also 
been shown, however, that carefully planned low-protein vegetarian diets 
containing soy and plant-based protein may reduce proteinuria, improve 
serum protein levels, and retard the progression of CKD as compared to 
animal proteins. Additional increased protein needs due to catabolism from 
use of glucocorticoid (steroid) therapy or recent surgery as well as acute 
illness with decreased oral intakes may contraindicate limiting dietary 
protein. 

 



ENERGY 

The recommendations for adequate energy intake for individuals 
with CKD not yet on dialysis are generally 35 kcal/kg per day to 
maintain body weight and allow for effective protein utilization. It has 
been recommended that 30 kcal/kg per day be used for those older 
than 60 years of age due to a more sedentary lifestyle. Calories 
from complex and simple carbohydrates must be included in the diet 
to provide adequate energy to prevent weight loss. Low protein food 
products are available and can improve overall caloric intake while 
minimizing protein content, but the expense, taste, and availability 
must be considered. 
 



LIPIDS  

Additional fat, in the form of monounsaturated and 
polyunsaturated fats, may also be recommended to provide 
adequate calories for patients with CKD. Since dyslipidemia is 
prevalent in patients with CKD, lipid levels should be 
monitored, and an effort made to keep total cholesterol, LDL-
C, HDL-C, and triglyceride levels within normal limits. 
Pharmacologic therapy may be needed to manage lipid levels, 
as some studies utilizing statins have shown cardiovascular 
risk reduction for patients with CKD stages 2 to 3. 



SODIUM 
As renal failure progresses to a GFR of about 10 percent of normal, renal 
sodium excretion subsequently falls. Sodium intake may have to be limited 
to prevent sodium retention, generalized edema, hypertension, and/or 
congestive heart failure, especially in the advanced stages of CKD when 
excretion diminishes. The NKF/KDOQI Clinical Practice Guidelines on 
Hypertension and Antihypertensives recommend a sodium intake of less 
than 2.4g/day unless a sodium wasting disease is present or medications 
causing sodium loss are prescribed. 

Measuring urinary sodium in a 24-hour urine collection may be helpful in 
determining how much sodium is being excreted. Urinary sodium is reported 
in milliequivalents (mEq), making it necessary to convert from milligrams to 
milliequivalents to determine how many milliequivalents of sodium are 
associated with any given diet. 







POTASSIUM  
The kidney usually handles potassium efficiently until the GFR is 
significantly reduced (<10 mL/ min). Thus, a dietary potassium restriction 
may be necessary only during the latter stages of CKD. Exceptions include 
renal diseases such as diabetic nephropathy, in which aldosterone 
deficiency develops and potassium excretion declines. Use of an 
angiotensin-converting enzyme (ACE) inhibitor to control blood pressure in 
some individuals may also require a mild-to-moderate potassium restriction, 
even with good urine output. ACE inhibitors suppress the renin-angiotensin 
system, resulting in decreased aldosterone levels and subsequent 
elevations in serum potassium levels. Angiotensin receptor antagonists 
used to control hypertension can also cause hyperkalemia, though the 
likelihood is probably lower than with ACE inhibitors. When serum 
potassium levels are consistently greater than 5.0 mEq/L, a potassium-
restricted diet of 2 to 3 g/day (51 to 77 mEq/ day) should be initiated 







CALCIUM, PHOSPHORUS, PARATHYROID 
HORMONE AND VITAMIN D 

Mineral-Bone-Disorder (MBD) describes the clinical syndrome resulting from 
abnormal mineral bone metabolism which occurs with CKD. Renal osteodystrophy 
refers to only the complex bone lesions present in the majority of patients with CKD, 
and includes osteitis fibrosa and osteomalacia, which are associated with this 
disorder. Restriction of dietary phosphorus has been shown to prevent the 
development of secondary hyperparathyroidism, which is frequently seen in patients 
with CKD. Also, in the past decade increased vascular and soft tissue calcifications 
have been seen in this population, believed to be related to calcium/phosphorus 
metabolism and treatment to maintain proper balance of these minerals. As a result, 
the NKF/KDOQI Clinical Practice Guidelines for Bone Metabolism and Disease 
recommend a phosphorus restriction of 800 to 1000 mg/day for individuals with CKD 
stages 3 and 4 when the serum phosphorus level is greater than 4.6 mg/dL. With a 
protein-restricted diet, this is usually feasible, as animal protein-based foodsare also 
high in phosphorus content. If dairy products are avoided in a vegetable-based low-
protein diet utilizing soy products, this level of phosphorus restriction is also feasible. 



PHOSPHORUS CONTENT OF 
SELECTED FOODS 



 

 



MEDICATIONS 
●  A “phosphate binder”, which may be prescribed with meals, interferes 

with the absorption of phosphate in the small intestine while maintaining 
serum phosphate levels within normal range 

●  Calcium acetate, sevelamer hydrochloride or sevelamer carbonate (non-
absorbed phosphate- binding polymers without calcium or aluminum), 
and lanthanum carbonate have also been utilized 

●  Serum calcium levels may not decrease until the GFR is less than 30 
mL/ minute, thus initially eliminating any need for specific calcium 
supplementation until later stages of CKD 

●  Since foods rich in calcium (primarily dairy products) are also high in 
phosphorus content and must be restricted; calcium carbonate and 
calcium acetate may be used between meals to increase serum calcium 
levels. 





MEDICATIONS 
Water Balance and Fluid Restriction 

Fluid intake for individuals with CKD should be balanced by 
their ability to eliminate fluid. As long as urine output essentially 
equals the daily fluid intake, fluid balance is maintained. If 
edema becomes apparent, prescribing loop diuretics often 
increases sodium and water excretion sufficiently to maintain 
balance. In the latter stages of CKD, a fluid limit equal to the 
volume of urine output plus 500mL/day for insensible fluid 
losses may be necessary to prevent edema and hyponatremia. 





DIALYSIS  



DEFINITION  
Dialysis is a renal replacement procedure that 
removes excessive and toxic by-products of 
metabolism from the blood, thus replacing the 
filtering function of healthy kidneys. It can maintain 
life once CKD progresses to the end stage, even 
though endocrine and metabolic functions of the 
kidney are not totally replaced.  



WHEN TO START DIALYSIS? 
The decision to initiate dialysis depends on the severity of 
symptoms. Unnecessary delay should be avoided in order to 
prevent medical complications of advanced uremia and 
subsequent patient debilitation and deterioration. Symptoms 
considered to be definite indications for dialysis therapy include 
pericarditis, uncontrollable fluid overload, pulmonary edema, 
uncontrollable and repeated hyperkalemia, coma, and lethargy. 
Less severe symptoms such as azotemia, nausea, and vomiting 
require a subjective determination that takes into consideration 
the patient’s quality of life. 



TYPES OF DIALYSIS 

Currently two major types of renal replacement therapy are 
used for patients with CKD Stage 5: hemodialysis (HD) and 
peritoneal dialysis (PD). The most common method is 
hemodialysis. Patients and their nephrologist (a physician 
specializing in kidney disease) choose the type of dialysis 
based on several factors, including underlying kidney disease 
and other comorbid factors such as cardiovascular disease, 
age, family support, and proximity to a dialysis center. 



DIALYSIS PROCESS 
●  Regardless of the modality, both methods require a selective, 
semipermeable membrane that allows passage of water and 
small to middle-molecular weight molecules and ions but 
excludes large molecular weight molecules such as proteins. 
Waste products and excess fluids are removed from the body 
by the actions of diffusion, ultrafiltration, and osmosis. During 
the removal of unwanted solutes, fluid and electrolyte balance 
must be maintained. This is accomplished by passing blood 
across the semipermeable membrane that is exposed to some 
rinsing fluid (dialysate). Dialysates have varying ion and 
mineral compositions. 



HEMODIALYSIS: Since dialysis 
therapy requires access to the 
c i rcu la to ry sys tem, pa t ien ts 
receiving hemodialysis first need to 
undergo a procedure that allows 
continual access to the blood- 
stream. In hemodialysis, the 
selective membrane is a man-made 
dialyzer sometimes referred to as 
an artificial kidney. The most 
common types are the hollow fiber 
and parallel-plate dialyzers. 



DIALYSIS PROCESS 

PERITONEAL DIALYSIS: In peritoneal dialysis, the lining of 
the patient’s peritoneal wall serves as the selective membrane. 
Dialysate is introduced into the peritoneum through the 
peritoneal catheter. Solutes from the plasma circulating in the 
vessels and capillaries perfusing the peritoneal wall pass 
across the peritoneal membrane into the dialysate which is 
subsequently removed and exerted. 





MEDICAL NUTRITION THERAPY IN DIALYSIS 
The goals of medical nutrition therapy for patients on dialysis 
are to maintain: 
●  Protein equilibrium to prevent a negative nitrogen balance; 
●  Serum potassium and sodium concentrations within an 
acceptable range and maintain total body sodium as close to 
normal as possible; 
●  fluid homeostasis by preventing fluid overload or volume 
depletion; 
●  serum calcium, phosphorus, and PTH levels within an 
acceptable range to prevent renal osteodystrophy and 
metastatic calcification; and 
●  adequate levels of vitamins and other minerals. 



PROTEIN  
Protein intake for patients undergoing maintenance dialysis must at least 
equal minimum dietary protein requirements but not worsen the uremic 
syndrome by causing retention of urea, electrolytes, and various minerals. 
The loss of amino acids, the catabolic stress of dialysis, and the level of 
protein intake in the predialysis period may all contribute to poor protein 
status in the chronic dialysis patient. A protein allowance of 1.2 g/kg per day 
for incenter HD patients and 1.2 to 1.3 g/ kg per day for HHD and PD patients 
will often minimize the accumulation of excessive nitrogenous wastes, 
maintain a positive nitrogen balance, and replace the amino acids lost during 
dialysis. During episodes of peritonitis, patients receiving PD have increased 
dietary protein needs due to greater losses of protein across an inflamed 
peritoneum. Many patients on both HD and PD periodically require 
supplemental commercial or homemade nutritional drinks, bars, or protein 
powders in order to achieve adequate protein intake. 



ENERGY  
The caloric intake for patients undergoing maintenance dialysis 
should be adequate to maintain or achieve ideal body weight. 
Unless the diet provides sufficient calories from carbohydrate 
and fat, endogenous protein is used for energy production, and 
the patient develops a negative nitrogen balance and loses 
significant muscle mass. With PD, calories gained from glucose 
absorbed from the dialysate must be considered when 
determining total caloric needs to prevent excess weight gain 
and obesity. Patients on both HD and PD, however, may also 
require nutritional supplements to meet caloric as well as 
protein intake goals. 



LIPID 
Lipid abnormalities are frequently prevalent in patients with 
kidney disease. Commonly, patients undergoing HD present 
with normal or high total cholesterol, LDL-C, and triglyceride 
levels. Patients on PD frequently have high total cholesterol, 
LDL-C, and triglyceride levels, and low HDL-C levels. Medical 
nutrition therapy is aimed at normalizing cholesterol and 
triglyceride levels without adversely affecting protein and overall 
caloric intakes in dialysis patients. Pharmacologic therapy for 
dyslipidemia is often initiated in order to avoid further restrictions 
to an already complex diet regime. It is recommended that both 
PD and HD patients adhere to the nutrient composition 
guidelines of the therapeutic lifestyle changes (TLC) diet. 





FLUID AND SODIUM 
●  Fluid and sodium allowances are highly individualized and based 

primarily on residual urine out-put and dialysis modality. Other 
considerations include blood pressure control, interdialytic weight 
gains in HD patients, presence of edema, and congestive heart 
failure. 
●  The interdialytic weight gain goal in HD patients should not exceed 

5% of body weight. Higher fluid gains can lead to sudden changes in 
blood volume and hypotension during the hemodialysis treatment. 
Since most patients become oliguric or anuric within the first 12 
months of hemodialysis, it is prudent to recommend a 2 gram sodium 
diet with a fluid allowance of not more than 1 L (1000 mL) daily. If 
urine output is greater than 1 L per day, the sodium and fluid 
allowance can be liberalized to approximately 2 to 4 g sodium per 
day and 2 L (2000 mL) of fluid per day. 



●  Fluid and sodium requirements for patients on PD therapy 
are highly individualized and largely based on ultrafiltration. 
Ultrafiltration can remove 2 to 2.5 kg of fluid per day. If a 
patient on PD gains too much fluid, higher dextrose 
concentrations must be used, which leads to greater fluid 
removal but can also lead to weight gain, higher triglyceride 
levels, and insulin resistance. Therefore, the use of these 
higher dextrose concentrations should be minimized. Typical 
fluid and sodium restriction for the PD patient includes a fluid 
allowance of 2 L per day and a sodium allowance between 2 
and 4 g per day. Symptoms of fluid overload can include 
shortness of breath, hypertension, congestive heart failure, 
and edema. Fluid intake is best controlled by limiting dietary 
sodium intake. 





POTASSIUM  
Potassium intake must be individualized to maintain normal serum 
potassium levels. Patients on maintenance HD usually can maintain serum 
potassium levels between 3.5 and 5.5mEq/L with diets containing 2 to 3g/
day (50 to 75mEq/day). When serum potassium levels are persistently high, 
despite dietary counseling, the dialysate potassium content may be lowered 
or a sodium exchange resin added to the medication regime. When serum 
potassium levels are consistently low (hypokalemia), the dietary intake may 
be liberalized and/or dialysate potassium content increased. This is 
especially important for patients receiving digoxin therapy, as hypokalemia 
can cause arrhythmias. Patients on maintenance PD usually maintain a 
normal serum potassium level without restricting potassium intake. If serum 
potassium levels fall below normal, dietary potassium is increased, and if 
unsuccessful, potassium supplements may be required. For those on HHD, 
the diet may be more liberal in potassium as well, depending upon frequency 
of and amount of dialysis performed 






