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Resistance Training to Reduce the Malnutrition-Inflammation
Complex Syndrome of Chronic Kidney Disease

Carmen Castaneda, MD, PhD, Patricia L. Gordon, BN, PhD, Russell C. Parker, PhD,
Katherine Leigh Uhlin, RD, MS, Ronenn Roubenoff, MD, MHS, and Andrew S. Levey, MD

® Background: Systemic inflammation and protein-energy mainutrition may be associated with poor outcomes in X
kidney disease. Methods: We studied 26 adults (age, 65 = 10 [SD] years) with chronic kidney disease, not on
dialysis therapy. Subjects were randomly assigned to resistance training (n = 14) or a control group (n = 12) for 12
weeks, while counseled to consume a low-protein diet (protein, 0.6 g/kg/d). We determined whether resistance
training reduces levels of inflammatory mediators (serum C-reactive protein [CRP] and interleukin-6 [IL-6]), in R
addition to previously reported improvements In nutritional and functional status in this same subject population. |
controls (1.5 mg/L; P = 0.05). Similarly, IL-6 levels were reduced in the resistance-exerclse group versus controls
(—4.2 versus 2.3 pg/mL; P = 0.01), Resistance training lead to skeletal muscle hypertrophy, shown by Increases in
type | (24% = 31%) and type Il (22% =+ 41%) muscle fiber cross-sectional areas, compared with control subjects
(—14% = 34% and —-13% = 18%, respectively; P < 0.05). Muscle strength also improved with resistance training

inflammation and improved nutritional status in individuals with moderate chronic kidney disease consuming a
low-protein diet. These results need to be investigated further in larger cohorts of patients with varying stages of
kidney disease to determine whether resistance training can improve disease outcomes long term. Am J Kidney Dis

43:607-616.
© 2004 by the National Kidney Foundation, Inc.

INDEX WORDS: Inflammation; malnutrition; resistance training; chronic kidney disease (CKD).

of body cell mass.” Additionally, severity of carotid
atherosclerosis in hemodialysis patients has been
associated with elevated serum IL-6 levels, !0}

ROTEIN-ENERGY malnutrition starts in
the early stage of chronic kidney disease
and increases steadily as kidney function de-
clines.! Recent evidence from The National Insti-
tutes of Health—sponsored Hemodialysis (HEMO)
Study indicates worrisome trends i baseline

From the Nutrition, Exercise Physiology and Sarcopenia
Laboratory, Jean Maver US Department of Agriculture Human

nutritional status for maintenance dialysis pa-
tients.* The HEMO Study is the largest study to
date to assess the nutritional status of long-term
hemodialysis patients. The proportion of patients
with values less than HEMO Study nutritional
standards included 29% for serum albumin lev-
els less than 3.5 g/dL (<35 g/L.), 76% for dietary
energy intake less than 28 keal/kg/d, and 61% f{or
dietary protein intake less than 1.0 g/kg/d.” These
results show that a majority of maintenance
dialysis patients have protein and energy intakes
less than those recommended by the National
Kidney Foundation-Kidney Disease Outcomes
Quality Initiative.”

Low-grade chronic inflammation character-
ized by increased levels of serum C-reactive
protein (CRP) and interleukin-6 (11.-6), a proia-
flammatory cytokine, may be a mediator of pro-
tein-energy malnutrition* and survival™® in pa-
tients with kidney tailure. Inflammatory cytokine-
mediated catabolism 1§ associated with
hypoalbuminemia,’ hypermetabolism,® and loss
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The combined oceurrence of protein-energy
malnutrition and inflammation in kKidney tailure,
referred o as maloutrition-inflammation com-
plex syndrome, ! may be associated with such
poor autcomes as cardiovascular atherosclerotic
discase, decreased quality of life, increased mor-
ttlity, and hospitalization.

We previously showed in a randomized con-
trolled trial of subjects with moderate chronic
kidney disease asked to consume a low-protein
diet (the same trial used for the present study)
that 1.0 weeks of resistance-exercise training re-
sudted in significant improvements in protein
utilization, nutritional status, and functional ca-
pacity.' The purpose of the present study is (o
turther characterize whether the anabolic stimu-
lus of resistance training would lead to a reduc-
ton 1y systemic inflammation, measured by se-
rum CRP and 1L-6 levels. In addition, we are
mnterested in determining the association be-
ween inflammatory markers and nutritional and
functional parameters.

METHODS

Stuedv Popelation

Bwenty sin subjects older than 30 years with moderately
syve e Chirome kidney discase guedian glomeralar filtration
rate [GERL 275 mb i/ 173 m), oot on dialysis therapy,
parbicapated i this study, as previously described ! Brielly,
sithpects were reerurted Trom the greater Boston, MA, area.
Sreeiine provedures included sociodemographie and health
hestony guestionnaires, physical examination, electrocardio-
vrant blood henudologie and chemistry tests, urine analy-
wes, and o treadmall stress test Bligibility criteria included
s VEedfinie coneenttations from LA o 5.0 me/dl, (133
e 44 ool contirmation of the diagnosis of renal
drwmane, amd physician approval toe preseription of a low-
protem dict. Reasons Tor carly termunation of the study
s hded hose of preater than 259 of initial body weight,

e for diadyses therapy or trnsplantiation, development of

A seronts consition requiring hospitalization or precluding
cacte e, amd st ol maldnutrinon tie, decrease inoserum
fratferin fevels o o 150 mip/dl. ¢ LS g/l oroa 15%
dectease 1 hemoglobin level or white blood cell count less
Han baweline s BEhpible subjects pave written informed con-
senf approved by the Instiitional Review Board at Tufts-
New Bogland Medicad Center (Boston, MA). On enrollment,
subpects were sindomly assigned to a low-protein diet plus
eatsbtice Wning or a lows protein diet alone (control) for

1) weeks.

Feonv-Protein et

Subwcts Wt ssked 1o follow o luwmpmmin diet (])I‘()tt‘-:in,
e b busdy wergltdy for 2 1o 8 weeks (run-in period)

CASTANEDA ET AL

before randomization. They continued on the low-protein
diet for an additional 12 weeks after randomization (interven-
tion period). Subjects were counseled to reduce their ha-
bitual protein intake by eating food sources with less protein
or reducing portion sizes of higher protein foods. Behavior
modification strategies were adapted from the Modification
of Diet in Renal Disease Study.** The study dietitian moni-
tored dietary protein adherence and energy intake regularly
by using 3-day diet diary—assisted recalls. Dietary data were
coded and analyzed using Nutritionist-IV Software (N-
Squared Computing, San Bruno, CA). Subjects were asked
to provide one 24-hour urine sample tor every 3-day dietary
diary collected during the study. Protein intake was esti-
mated from urinary urea nitrogen appearance'” and used (o
assess adherence.

Intervention

Resistunce-exercise training group. Subjects exercised
3 tmes/wk under supervision at the Jean Mayer USDA
Human Nutrition Rescarch Center on' Aging. Each session
lasted approximately 45 minutes and included a S-minute
warm-up, 35-minute resistance training (using 3 pneumatic
resistance training machines; Keiser Sports Health Equip-
ment Inc, Fresno, CA: chest and leg press, latissimus pull
down, knee extension and flexion), and a S-minute cooldown.
Subjects performed 3 sets of 8 repetitions on each machine
per training session. Each repetition consisted of a 2-count
concentric (lifting) phase, a slight pause, and a 4-count
eccentric (lowering) phase. There was a |- to 2-count pause
between repetitions and a |- to 2-minute rest period between
sets. Proper breathing technique was emphasized at all times
to avoid an increase in thoracic pressure. Training intensity
wis targeted at 80% of 1 repetition maximum (1RM).
Training intensity was increased progressively as needed to
ensure that target mtensity was maintained as subjects got
stronger and set workloads became easter, assessed by
subjects’ self-perceived levels of exertion using a Rating of
Perceived Exertion Scale.!'® Cool-down exercises included 5
to 8 stretching and Hexibility exercises for the upper and
[ower body.

Control group.  Subjects performed the same stretching
and flexibility exercises as those used during cool-down in
the exercise group. These exercises were used to ensure
there would not be a physiological impact, but rather provide
contact time and socialization similar to those of the resis-
Lance-training group.

Outcome Measures

All measures were obtained before (week () and 2 weeks
after randomization. The study dietitian and exercise trainer
were not blinded to group assignment. However, baseline
muscle strength was assessed before randomization. Observ-
ers blinded to group assignment performed all other study
measurements.

Svstemic inflammation.  Serum CRP levels were mea-
sured by means of an immunoturbidimetric method!” in a
Cobas Fara II automated centrifugal analyzer (Rankin Bio-
medical Corp, Clarkson, M1} using a commercially available
kit (CRP SPQ Test System; DiaSorin Inc, Stillwater, MN).
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IL-6 levels were determined using a commercially available
quantitative sandwich enzyme immunoassay kit (R&D Sys-
tems Quantikine High Sensitivity Enzyme-Linked Immu-
nosorbent Assay kit for human IL-6, Minneapolis, MN).
Intra-assay and interassay coefficients of variation were less
than 5% and less than 10%, respectively. Serum albumin
concentrations were estimated by means of dye-binding
end-point reaction using the Cobas Fara II automated cen-
trifugal analyzer.!® Transferrin was analyzed by means of
immunoturbidimetric analysis using antiserum and standard
(Behring Diagnostics, La Jolla, CA). Coefficients of varia-
tion for albumin and transferrin were less than 6%,

Nutritional and functional measures. The size of skei-
etal muscle mass was determined by estimating the cross-
sectional area of types I and II muscle fibers at baseline and
48 hours after strength testing at 12 weeks, For this, vastus
lateralis muscle samples were obtained by percutaneous
needle biopsy, as previously reported,!* Samples were stained
for myofibrillar adenosine triphosphatase and analyzed un-
der light microscopy (original magnification X280) using
optical densities determined using NIA Image Software,
version 1.39, modified for our laboratory (Syl.oc Consulting
LLP, Lexington, MA) with a coefficient of variation of 39%.!Y
Seventy to 100 fibers per subject per time point were
analyzed.

Body weight was measured to the nearest 0.1 kg on a
Toledo Weight-Plate (Bay State Scale & Systems Inc, Burl-
ington, MA), Height was measured once to the nearest 0.25
cm without shoes using a wall-mounted stadiometer. Body
mass$ 1ndex was determined trom body weight and height as
kg/m*.

Whole-body muscle strength, a determinant of functional
status, was assessed from 1RM testing twice before random-
1ization and once after 12 weeks. The greater of 2 baseline
IRM values was used to set initial trainimg loads and for
analyses. Baseline and final muscle strength were calculated
as the sum of 1RM measures for all machines used for
testing.

Biochemical measures. These measures included serum
creatinine and urea nitrogen concentrations measured using
a Cobas Fara II automated centrifugal analyzer and GFR
determined from iodine 125-1othalamate clearance (Glofil;
Cypros Pharmaceutical Corp, Carlsbad, CA). Hematocrit
and hemoglobin were measured using a Serono-Baker 9000)
cell counter (Serono Laboratories, Norwell, MA). Coelfi-
cients of variation of these measures were less than 6.5%.
Plasma volume shifts were determined {rom pre-gxercise
and postexercise hematocrit and hemoglobin measurements
using the equation developed by Costill and Fink#

Statistical Analysis

Statistical analysis was performed using SPSS 10.0 for
Windows (SPSS Inc, BEvanston, IL). Results are considered
statistically signilicant if 2-tailed P 1s less than 0.05. Vari-
ables were checked for normality, Data are shown as mean =
SD, except for non—-normally distributed variables, for which
geometric mean and median are shown.

Baseline comparisons between groups were assessed by
means of 2-independent-sample tests using r-test for nor-

mally distributed continuous variables, Mann-Whitney test
for non—-normally distributed continuous variables, and chi-
square for categorical variables. Treatment group etfect
(resistance training versus control) on change in each study
outcome (inflammation, negative acute-phase proteins, nutri-
tional, functional, and biochemical) was determined by
linear regression analysis for normally distributed variables
and median regression analysis for non—normally distributed
variables and adjusted for sex and baseline body weight (the
only variable significantly different between groups despite
randomization). Additionally, analysis of CRP and IL-6 also
was adjusted for each respective baseline vajue because of
observed trends for these markers to be different between
groups. Finally, Spearman’s correlatton analyses of both
aroups combined was performed to determine the associa-
tion between absolute changes (delta) in each inflammatory
marker and those observed for nutritional (skeletal muscle
fiber areas) and functional (muscle strength) variables con-
trolled for sex and baseline body weight. For purposes of the
figures, non—normally distributed inflammatory markers were
plotted as log-transformed variables.

RESULTS

There were no differences between groups at
baseline in physiological, biochemical, or health
parameters, except for body weight (‘Table 1),

Systemic Inflammation

Table 2 lists markers of inflammation (acute
and negative acute-phase proteins). Twelve weeks
of resistance training resulted 1 a significant
reduction in circulating CRP and IL-6 levels
compared with the control group. Conversely,
serum transferrin concentrations improved sig-
nificantly with resistance exercise training,
whereas there was no change in control subjects.
These results remained statistically significant
after adjusting for sex, baseline body weight, and
each respective baseline inflammatory marker, as
appropriate. There was a trend for an improve-
ment in serum albumin concentrations, shown by
a modest 3% increase with exercise compared
with a —2% reduction in the low-protein diet
alone or control group. Plasma volume changes
before and after the intervention showed small
nonsignificant shifts equivalent to —1.5% = 2.5%
in the resistance-training group and 0.6% =+ 3.2%
in the control group, respectively (P = ().289).

Nutritional and Functional Steatus

Nutritional and functional variables are listed
in Table 3. Body weight was significantly differ-
ent between groups at baseline despite random-
ization. However, body weight was maintained
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Table 1. Baseline Subject Characteristics
Low-Protein Diet + Resistance Low-Protein Diet Alone F* Baseline
Variables Training (n == 14) (control) (n = 12) Comparisons
Age (y) 65 + 9 64 + 12 0.835
Sex (F/M) 6/8 3/9 0.340
Body weight (kg) 84.6 = 15.8 76.1 £ 13.5 0.034
Body mass index (kg/m?) 29.3 = 6.6 26.8 = 2.7 0.108
Hematocrit (%)* 33.7 (31.6) 33.2 (33.1) 0.938
Hemoglobin (g/dL) 11.6 £ 1.7 11.3 + 1.3 0.523
GFR (mLU/min/1.73 m?) 29.3 (24.8) 29.7 (30.0) 0.859
Serum creatinine (mg/dL) 2.29 (2.12) 2.76 (2.29) 0.425
Serum urea nitrogen (mg/dlL) 26.4 (24.1) 23.5 (29.1) 0.350
Serum albumin (g/dL.) 3.7 X 0.3 3.8 + 0.4 0.873
CRP (mg/L) 7.8 (6.0) 6.2 (6.0) 0.106
Serum IL-6 (pg/mL) 11.3 (10.5) 7.7 (6.9) 0.089
No. of chronic conditions 55 = 1.5 6.4+ 1.7 0.1569
No. of medicationst 5.6 = 2.4 6.4 1 1.6 0.341
Current smoker % (n) 7.1 (1) 8.3 (1) 0.810

NOTE. Values expressed as mean + SD and geometric mean (median), unless noted otherwise. To convert serum
creatinine in mg/dL to wmol/L, multiply by 88.4; urea nitrogen in mg/dL to mmol/L., multiply by 0.357; and hemoglobin and

albumin in g/dL to g/L, multiply by 10.

*Baseline comparisons between groups were assessed by means of 2-independent-sample tests using i-test for normally
distributed continuous variables, Mann-Whitney test for non—-normally distributed continuous variables, and chi-square for

categorical variables.

tFrequency of use per medication prescribed in all study participants (N = 26) was as follows: angiotensin-converting
enzyme inhibitors, B-blockers, and nephrovitamins (16 of 26 patients); calcium-channel blocker (14 of 26 patients); diuretics
(12 of 26 patients); aspirin (11 of 26 patients); cholesterol-lowering agents (8 of 26 patients), insulin, oral hypoglycemics, and
allopurinol (5 of 26 patients); antiacid, hormone replacement therapy, and antidepressants (4 of 26 patients); epoetin,
prednisone, thyroid replacement, atbuterol, bronchaodilator, and colchicine (2 of 26 patients); and warfarin and digoxin (1 of 26
patients). Proportion of use of each of these medications was not different between groups.

with resistance training, whereas there was a
significant loss in the low-protein diet alone
(control) group. Body mass index did not change
within or between groups. Resistance-exercise
training significantly increased types I and 11
skeletal muscle fiber size compared with mean
reductions observed in the control group. In
addition to the gains observed i muscle mass,
subjects randomly assigned to resistance training
also showed significant gains in whole-body
muscle strength compared with those randomly
assigned to the control group. The latter showed
significant mean losses in muscle mass and
muscle function. Differences in nutritional and
functional measures between groups remained
statistically significantly after adjusting for sex
and baseline body weight.

Dietary Compliance

Dietary counseling from screening to week 12
of the intervention resulted in a 24% reduction in

protein intake in cach group.!® Adherence to the
low-protein diet idicated that subjects 1n the
resistance-traming group consumed an average
of 108% =+ 8% ol the target protein, whereas
subjects in the low-protein diet alone group con-
sumed approximately 112% =& 12%. These esti-
mates were not different between groups. Mean
energy intake was stmilarly low in both groups.
Mecan cnergy intake m exercisers was 67.7 =&
26.9 and 70.4 * 32.2 j/kg/d at O and 12 weeks,
respectively. For control subjects, energy intake
was 87.1 * 28.4 j/kg/d at week O and 98.3 =%
24.9 1/kg/d at 12 weeks,

Secondary Analyses

We observed a direct correlation between
changes in CRP and IL-6 levels (r = 0.46; P =
(0.04). More importantly, we found significant
inverse associations between changes i serum
[1.-6 levels and type 1 (r = —0.58; P = 0.02; Fig
1)y and type 11 muscle fiber size (r = —0.68; P =
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Table 2. Systemic Inflammation

Low-Protein Diet
Alone (control) (n = 12)

Low-Protein Diet -+

Dependent Variables Resistance Training (n = 14)

FP* Group Effect

CRP (mg/L)
Week O
Week 12
Change
Serum 1L-6 (pg/mL)
Week O
Week 12
Change
Serum transferrin (mg/dL.)
Week 0O
Week 12
Change
Serum albumin (g/dL.)
Week O
Week 12
Change

11.3 (10.5)

6.9 (6.5)

-4.2 (~3.6)

178 + 32
258 + b2
80 = 25

3.7 *+ 0.3
3.8 + 0,2
0.1 + 0.2

6.2 (6.0)
7.7 (6.0)
1.5 (0.0)

7.7 (6.9)
10,0 (9.8)
2.3 (3.0)

175 + 34
177 =+ 37
2 =+ 34

3.8 + 0.4
3.6 + 0.4
—-0.2 = 0.2

0.049

0.012

0.042

0.091

NOTE. Data expressed as mean  SD and geometric mean (median). To convert transferrin in mg/dL to g/L., multiply by
0.01; albumin in g/dL to g/L., multiply by 10.

"Treatment group effect on change in each main ocutcome was determined by means of linear regression analysis for
normally distributed variables and median regression analysis for non—normally distributed variables, adjusted for sex,
baseline body weight, and each respective baseline inflammation marker (ie, CRP or IL-6 level), as appropriate.

Dependent Variables

Body weight (kg)
Week O
Week 12
Change
Body mass index (kg/m?)
Week O
Week 12
Change
Type | muscle fiber area (um2)
Week O
Week 12
Change
Type Il muscie fiber area (pem?)
Week 0O
Week 12
Change
Muscle strength (kg)
Week O
Week 12

Low-Protein Diet +
Resistance Training (n = 14)

84.6 + 15.8
84.8 + 16.2
0.2 + 2.6

290.83 + 6.6
29.3 + 6.6

Diet Alone (contral) (n = 12)

Table 3. Nutritional and Functional Parameters

Low-Protein

Laanns

76.1 + 13.5
72.5 + 9.0
~3,60 + 1.5

26.8 + 2.7
25.7 + 2.1
-1,1 + 0.7

4,578 + 1,524
3,960 :+ 998
- 618 + 967

3,957 + 988
3,399 + 814
558 1,126

2065 + 86
230 = 94

P Baseline Pt Group
Comparisons Effect

0.034

0.048
0.108

0.232
0.334

0.031
0.504

0.045
0.453

__0.001

NOTE. Data expressed as mean + §D.
*Baseline comparisons between groups were assessed using t-test for 2 independent samples.
tTreatment group effect on the change in each main outcome was determined by means of linear regression analysis

adjusted for sex and baseline body weight,

P
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0.005; Fig 2), as well as for muscle strength (r =
—(0.49; P = 0.05; Fig 3), after adjusting for sex
and baseline body weight. We did not observe

significant associations between changes in CRP
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N Fig 1. Spearman’s corre-
Y | lation analyses between ab-
solute change (delta) in se-
rum IL-6 leveis and deita in
type | muscle fiber cross-
sectional area, controlled for
sex and Dbaseline body
A weight, are shown for each
subject in the resistance-
training (sqguares) and con-
2 4 6  trol (triangles) groups (r =
—0.58; P = 0.02). This figure
shows log-transformed IL-6
levels.

levels and skeletal muscle areas for either fiber
type. However, there was a similar inverse asso-
ciation between changes in CRP levels and
muscle strength (r = —0.45; P = 0.03). In

3000 .
oy " '
= 2000 :
3 1
@ '
= :
; 1000 . ol
£ :
- :
T ™ U O N U
E ! - ~ I
— o om '
Fig 2. Spearman’s corre- _-_T—*__ ’
lation analyses between ab- 7 ©  -1000 : . B,
soiute change (delta) in se- o ,
rum IL-6 levels and delta in > . ‘
type Il muscle fiber cross- .
sectional area, controlled for ﬁ ~2000 :
sex and baseline body QO ' :
weight, are shown for each ) 4
subject in the resistance- 3000 !
training (squares) and con- ) .
trol (triangles) groups (r = -.B - B -4 -2 0.0 2 4 6

~0.68; P = 0.005). This fig-
ure shows log-transformed
-6 levels.

L.og Delta IL-6 (pg/mL.)

et :.l":_
s

T
P
........

by 4,




- .|" """""""""

P oy - ) A _ s . T el BB e e P et e PR SEN T r ey B St e s (SR S BRI i e R .
e Sy e fh Ly ":‘|‘-;|:=.5."Ilrr I A e T TG T ] IF | it i R PR e, L L o g W Tph g e P T huF'l-f-""J'ﬁ-'u (T .‘r-.rl".'l'f]' L} | rch --.rqg""-": s F ety o MY HA T o ] ! v 3 L N i ' Ek 1! i nu-.ﬂ..,-.i‘_ e T . r 1
STt R I e I, Rt T T Tt P i st Lot e e D T o A e T W e o e et o LT P A e & i s L 2 e e i s *-;'EE}*—H ] g el -.Iritzu-rv-.I-ur‘ S ] L ts_'ﬂl-l__: et CETRc A WOR chab il g e ) O (L - - r - — -
2 AL R T e el e e s b e e TR e M e e e R LR gl W e O it P pris S ek, e Tt Ko {eds o R S D ﬂ*'-‘:rlmﬂl-m-n ﬁ- pd e e e T et T T e Pt e ey a2 i3

RESISTANCE TRAINING, SYSTEMIC INFLAMMATION, AND KIDNEY DISEASE 613

200

100 o ™

Fig 3. Spearman’s corre-
lation analyses between ab-
solute change (delta) in se-
rum IL-6 levels and delta in
whole-body muscle strength,
controllied for sex and base-
line body weight, are shown
for each subject in the resis-
tance training (squares) and

Delta Muscle Strength (Kg)
-

-100

-200

control (triangles) groups .7 -6 -5

(r = —049; P = 0.05). This
figure shows log-trans-
formed IL-6 levels.

addition, we found an inverse association be-
tween changes in CRP levels and those for serum
albumin levels (r = —0.47; P = 0.05).

DISCUSSION

This study shows that individuals with moder-
ately severe chronic kidney discase, consuming a
low-protein diet and undergoing resistance train-
ing for 12 weeks, showed a reduction in systemic
inflammation characterized by declines in serum
CRP and IL-6 levels. A concomitant increase in
serum albumin and transferrin  concentrations
was observed. Muscle hypertrophy and strength
also improved signtficantly with resistance train-
ing. The observed reduction in inflammatory
mediators was significantly associated with m-
proved nutrittonal status and functional capacity.

Causes of protein-ecnergy malnutrition i pa-
tients with chronic Kidney disease are not well
understood. However, contributing factors may
include inadequate dietary intake, metabolic aci-
dosis, insulin resistance, comorbid conditions,
and inflammation.'>=!22 [L-6 stimulates the pro-
duction of CRP, a positive acute-phase protein,*

Serum CRP concentrations reflect the activity of

cytokine-mediated inflammatory processes and
are approximately proportional to the extent ol
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Log Delta IL-6 {pg/mL.)

tissue injury.*® Cytokine-mediated inflammation
is assoctated with muscle wasting and hypoalbu-
minemia,’=*% hospitalization,” cardiovascular
atherosclerotic disease, %! and survival®?>¢ in
patients with chronic kidney disease. Theretore,
maintenance of nutritional status and reduction
of inflammation to the levels observed in this
study of resistance-exercise training are provoca-
tive and need to be investigated further in this
paticnt population.

Circulating IL-0 levels greater that 1.8 pg/mL
were significantly associated with reduced muscle
mass and muscle strength in a cohort of well-
functioning older men and women from the
Health, Aging, and Body Composition Study.”’
Chronic discase conditions characterized by acti-
vation of the innate immune system and persis-
(ent acute-phase response (ie, rheumatoid arthri-
i, cardiae heart failure, and diabetes™) also
have elevated serum IL-6 levels associated with
muscle wasting and cachexia. Additionally, Jo-
hansen ¢t al!! found a significant association
between the proinflammatory cytokine IL-1[3
and loss of body cell mass, estimated from the
bioelectrical impedance—derived variable re-
ferred to as phase angle.*

We observed significant inverse associations
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between longitudinal changes in serum IL-6 lev-
els and changes in skeletal muscle fiber size and
muscle strength. These findings suggest that a
potent anabolic stimulus like resistance training
may reverse the catabolic state of chronic kidney
disease by its beneficial effects on inflammation
and nutrition. This study 18 not designed to exam-
ine potential mechanisms for such effects, How-
ever, our finding of reductions in IL-6 and CRP

levels with resistance training independent of

other cofactors suggests that the anabolic influ-
ence of resistance traming may have shifted the
available, although limited, amino-acid pool to-
ward protein synthesis (ie, muscle hypertrophy
and visceral proteins). This may be caused in
part by downregulation of proinflammatory cyto-
kines, while increasing the action of anabolic
mediators such as insulin-like growth factor, as
others have shown.’* In the absence of this
anabolic stimulus, as in the case of control sub-
jects, the effect of the low-protein diet leads to
worsening of nutritional status and systemic in-
flammation.

Albumin and transferrin are considered nega-
tive acute-phase proteins for which circulating
concentrations decrease with inflammation. Mod-
est hypoalbuminemia (albumin <4.0 g/dL [ <40
g/L.]) has been associated with increased mortal-
ity risk in the general population® and individu-
als with chronic kidney disease.*® In the presence
of an mflammatory state, albumin synthesis 1s
reduced, whereas that of acute-phase reactant
proteins such as CRP is increased.”’

The inverse relationship between serum albu-
min and CRP concentrations that we found is
suggestive of the inflammatory process and con-
sistent with the same observations by others. 10
Resistance training increased transferrin levels
and maintained serum albumin levels during the
study period.

Findings by Kaysen et al'® from a large cohort
of patients with kidney failure on hemodialysis
therapy provide a rational for protein and energy
supplementation for optimal nutrition manage-
ment. Our data provide yet another promising
therapeutic modality, resistance training, with
the potential to improve malnutrition-inflamma-
tion complex syndrome of chronic kidney dis-
ease. The efficacy of resistance training has been
tested in a few studies of patients with carlier
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stages of chronic kidney disease,!* as well as in
patients with kidney failure treated by hemodialy-
5i8.%-*2 These studies consistently showed that
resistance training increases muscle mass, muscle
function, and quality of life in individuals with
kidney failure.

Some limitations of the present study should
be considered. First, unlike CRP levels, circulat-
ing 1L-6 levels are not clinically available. How-
ever, the significant association between these 2
markers suggests that measuring only 1 of them
may be sufficient to accurately assess the inflam-
matory process. Of note is that findings of the
present study are based on single CRP and IL-6
measurements at each time point. Second, the
resistance training intervention prescribed in the
present study required rigorous screening and
supervision. Therefore, these findings may not
be applicable to individuals with different stages
of kidney disease. Third, these preliminary find-
ings may not apply to individuals with chronic
renal insufficiency not consuming a low-protein
diet. Fourth, sample size was small. However,
the outcomes measured showed statistical signifi-
cance in agreement with the expected direction
of hypothesized change after adjusting for vari-
ables found to have a confounding effect, such as
sex, body weight, and baseline levels of inflam-
matory markers.

In conclusion, findings of this study suggest
that resistance training may reverse malnutrition-
iflammation complex syndrome of chronic kid-
ney discase implicated in the poor prognosis of
individuals with kidney disease. Although main-
tenance dialysis therapy and kidney transplanta-
tion promote extended survival in kidney failure,
these therapies may be less effective in improv-
ing nutritional status and quality of lite. There-
fore, long-term interventions of resistance {rain-
ing should be mvestigated further as novel
therapeutic approaches for this patient popula-
tton are being considered.
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