
Resistance Training Enhances the Value of Protein Restriction in the
Treatment of Chronic Kidney Disease

Since 1972, when Social Security extended Medicare
coverage to patients younger than 65 years of age

with end-stage renal disease (ESRD), more than 1 mil-
lion such patients have entered the program (1). Period
prevalence for ESRD in 1998 was 397 971 persons at a
cost of $16.74 billion, with 87 534 new beneficiaries of
treatment (2). It is projected that by 2010, the number
of patients treated for ESRD will be 651 330, at a cost
of $28.3 billion (1). Accordingly, a significant effort is
now being made to reduce the incidence of ESRD by
slowing the rate of progression of chronic kidney dis-
ease. An estimated 10.9 million Americans 12 years of
age and older have a serum creatinine concentration of
133 mmol/L (1.5 mg/dL) or greater, and 0.8 million
have a creatinine concentration of 177 mmol/L (2 mg/
dL) or greater (1). These are the at-risk patients who
must be targeted for intervention.

Proven methods for slowing progression of chronic
kidney disease include therapy with angiotensin-
converting enzyme inhibitors (3) and angiotensin recep-
tor blockers (4). Use of a low-protein diet to slow pro-
gression is controversial (5–8) but is probably
efficacious (7–9), even in patients with nephrotic-range
proteinuria (6, 7). Such diets have been shown to di-
minish uremic symptoms and alleviate some of the com-
plications of chronic kidney disease, including renal os-
teodystrophy, insulin resistance, and metabolic acidosis
(6), all of which may prolong the time to initiation of
renal replacement therapy (10). In addition, a recent
study has demonstrated synergy in slowing progression
of chronic kidney disease with the combination of a
low-protein diet and angiotensin II blockade with either
angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers (11).

The use of low-protein diets in patients with renal
insufficiency is usually not instituted without some con-
cern for safety (12, 13). Loss of lean body mass is com-
mon in patients with chronic kidney disease (8) and
could be potentiated by dietary protein restriction. It has
been emphasized that to prevent protein depletion,
adults with uremia must ingest both adequate energy
(36 kcal/kg of body weight per day) and 0.57 g of high-
biological-value protein per kg per day (13, 14). The

Modification of Diet in Renal Disease Study docu-
mented lower energy intake in patients who followed a
low-protein diet and those who followed a very low-
protein diet, which suggests that the quantity of dietary
protein or phosphorous prescribed may have influenced
patients’ energy intake (14). This finding, which was
thought to be a cause of the decrease in indices of nu-
tritional status in these patients, underscores the need
for a skilled dietitian to assist patients in adhering to the
protein restriction while maintaining sufficient energy
intake.

Many studies have demonstrated a high prevalence
of protein-calorie malnutrition in patients receiving di-
alysis (14). The prevalence in patients beginning dialysis
treatment is similar to that in patients who have received
dialysis for months or years (14). This finding, which
suggests that malnutrition often becomes established
during chronic kidney disease, is important because of
the detrimental effect of malnutrition at ESRD onset on
subsequent patient survival (15). Indeed, Ikizler and col-
leagues (12) found that spontaneous dietary protein in-
take decreases significantly as renal function declines.
On the other hand, Coresh and coworkers (16) found
that predialysis protein restriction with close clinical
monitoring does not worsen and may substantially im-
prove patient survival during the first 2 years of dialysis.
Aparicio and associates (10) corroborated Coresh and
coworkers’ results in a study that used supplemented,
very-low-protein diets. The key seems to be close clinical
monitoring (10, 13).

Protein-energy malnutrition is a powerful predictor
of high morbidity and mortality among dialysis patients.
Low serum albumin level is among the nutritional vari-
ables that have been independently correlated with 12-
month odds ratios for increased mortality (15, 17).
However, comorbid conditions that result in elevated
inflammatory cytokines may both reduce nutrient intake
and cause protein-calorie malnutrition, thereby inde-
pendently increasing morbidity and mortality. Hy-
poalbuminemia in these patients may be linked as much
to evidence of inflammation as to dietary inadequacy
(13). Notwithstanding, due in part to the association
between hypoalbuminemia (and presumably nutritional
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status) and mortality in patients with ESRD (15, 17), it
has been suggested that low-protein diets should be
avoided in patients with chronic kidney disease (5, 12).

In this issue, Castaneda and colleagues (18) report
the results of a randomized, controlled trial to test the
hypothesis that resistance exercise training can preserve
lean body mass, nutritional status, and muscle function
in patients with moderate chronic kidney disease who
are consuming a low-protein diet to slow the progres-
sion of renal failure. Their results suggest that resistance
training is a safe and effective countermeasure to the
negative effects of protein restriction on muscle mass
accretion, protein utilization, nutritional status, and
muscle function in patients with chronic kidney disease.
Low energy intake may have accounted for the decrease
in nutritional indices seen in the low-protein-diet con-
trol group; however, despite a similar energy intake, per-
sons who followed a low-protein diet plus resistance
training had improved nutritional indices because of ex-
ercise in almost every measured area after only 12 weeks.
These impressive results establish the importance of ex-
ercise training to improve the metabolic profile of pa-
tients with chronic kidney disease. Resistance training
appears to offset any nutritional impact of a low-protein
and low-energy diet.

Generalized applicability of Castaneda and col-
leagues’ study methods may be limited. Patients who
performed resistance training were supervised by an ex-
ercise physiologist who frequently adjusted workload
during training to maximize results. In addition, only a
small proportion of patients invited to participate in the
study consented to the exercise protocol (45 minutes
three times per week), and it is unknown how effectively
the training regimen would have been sustained beyond
the 12-week study period, especially if patients were no
longer monitored. Finally, the risks of exercise in this
patient population must be considered. The preliminary
treadmill stress test that Castaneda and colleagues per-
formed was probably appropriate (19).

The importance of exercise to patients with ESRD
has been emphasized (19). A large percentage of such
patients fall into groups for which exercise training is
specifically recommended. A program of regular physical
activity is considered a standard treatment for hyperten-
sion, hyperlipidemia, and glucose management, as well
as for primary and secondary prevention of coronary

artery disease. In addition to mitigating cardiovascular
risks, regular physical activity can also positively influ-
ence problems of bone deterioration, muscle weakness,
and overall deterioration in physical functioning, even
in elderly persons and persons with disabilities. Patients
with ESRD have a high incidence of these problems, as
well as of cardiac risk factors and overt cardiac disease (19).

The study by Castaneda and colleagues extends the
value of exercise to patients with chronic kidney disease.
Another study also documented improved functional
aerobic capacity, muscle strength, and blood pressure in
patients with chronic kidney disease who underwent 4
months of exercise training (20). Not only were these
same physical improvements demonstrated by Cas-
taneda and colleagues, but combining exercise with a
low-protein diet abolished any adverse effects of the lat-
ter. Although the safety of a low-protein diet prescribed
for whatever reason in patients with chronic kidney dis-
ease remains controversial (6–8), the study by Cas-
taneda and colleagues provides a method for improving
safety when these diets are used, as well a means for
enhancing the overall health of patients with chronic
kidney disease.
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