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Abstract

Objective—Malnutrition is a powerful predictor of mortality in chronic kidney disease (CKD);
however, its etiology is unclear. We hypothesized that adipocyte-derived proteins leptin and
adiponectin, inflammation (C-reactive protein —CRP), and insulin resistance (Homeostasis Model
Assessment —-HOMA\); implicated in the malnutrition-inflammation complex syndrome commonly
seen in maintenance dialysis patients, would be associated with the loss of muscle mass in earlier
stages of CKD. Arm muscle area was used as an indicator of muscle mass.

Setting—The Modification of Diet in Renal Disease (MDRD) Study cohort of people with CKD
stages 3 and 4 was used for analysis.

Main Outcome Measures—Regression models were carried out to examine the relationships of
leptin, adiponectin, CRP, and HOMA with arm muscle area (the main study outcome).

Results—Arm muscle area was 39 + 15 cm? (mean + standard deviation, SD) and adiponectin levels
were 13 + 7 ug/mL. Median and (inerquartile range, IQR) concentrations were: 9.0 (13.6) ng/mL for
leptin, 2.3 (4.9) mg/L for CRP, and 2.4 (2.0) form HOMA. Higher leptin [beta coefficient and (95%
confidence interval): —6.9 (-8.7, —5.1), P<0.001] and higher CRP [-2.7 (—3.9, —1.4), P<0.001] were
associated with lower arm muscle area. There was a trend toward lower arm muscle area with higher
adiponectin (P=0.07) but no association with HOMA (P=0.80).
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Conclusion—Leptin and CRP were associated with lower muscle mass in subjects with CKD
stages 3—4. Further studies are needed to understand the mechanisms underlying these associations
and to develop targeted interventions for this patient population.
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Introduction

Malnutrition is common in the early stages of chronic kidney disease (CKD) and rises steadily
with its progression (1). Indicators of nutritional status such as serum albumin and muscle mass
are powerful predictors of morbidity and mortality in CKD. Muscle mass, in particular, confers
a survival advantage in kidney failure (2,3). The loss of muscle mass with CKD may be the
result of an imbalance between catabolic and anabolic signals (1,4). Although, the mechanisms
underlying muscle wasting are not well understood, adipocyte-derived protein called
adipokines, may play an important role given that they mediate insulin resistance and
inflammation in kidney disease (5).

Two adipokines of interest are leptin and adiponectin. High levels of leptin are present in kidney
failure (6). Leptin suppresses appetite, increases satiety, and is directly correlated with body
fat (7). Hyperleptinemia is associated with inadequate protein and energy intake and with loss
of lean tissue in dialysis patients (8), suggesting a role for leptin in the etiology of malnutrition.
Adiponectin —another adipokine that accumulates in kidney disease, regulates energy
homeostasis (9) and is inversely related to body mass index and serum albumin in people with
CKD (10,11). Adiponectin may also be associated with a reduction in body weight due to
increased energy expenditure (12). Additionally, both leptin and adiponectin have been shown
to play a role in glucose homeostasis and insulin action. Peripheral tissue insulin resistance is
prevalent in the earlier stages of CKD (13), and potentially an important link in the pathway
leading to muscle wasting with CKD.

C-reactive protein (CRP), a well established marker of inflammation and malnutrition in
patients with kidney disease (14,15) is regulated by the adipocyte-derived cytokines tumor
necrosis factor alpha (TNF-a) and interleukin 6 (IL-6) (16). Levels of CRP are elevated in
patients with CKD (15,17) and kidney failure (18). They are directly related with body mass
index and percent body fat (19) and inversely related with serum albumin and muscle mass
(20). High CRP levels are also associated with all-cause mortality in patients with CKD (21,
22). Increased CRP levels, which reflect the activity of cytokine-mediated inflammatory
processes, are associated with protein catabolism and muscle wasting mediated by the
ubiquitin-proteosome pathway (23).

The objectives of this study were to examine the relationship between adipocyte-derived
proteins leptin and adiponectin, inflammation (as measured by CRP), and insulin resistance
(as measured by the Homeostasis Model Assessment -HOMA) with muscle mass (measured
as arm muscle area) in stage 3-4 CKD.

Materials and Methods

Study Population

The Modification of Diet in Renal Disease (MDRD) Study (1989 and 1993), was a randomized
controlled trial designed to examine the effect of strict blood pressure control and dietary
protein restriction on the progression of kidney disease (24). Subjects were 18-70 years of age
and had serum creatinine level between 1.4-7.0 mg/dL and 1.2—7.0 mg/dL, for men and

J Ren Nutr. Author manuscript; available in PMC 2009 June 20.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Castaneda-Sceppa et al. Page 3

women, respectively. Exclusion criteria included history of insulin-dependent diabetes, class
I11 or IV congestive heart failure, renal artery stenosis, kidney transplantation or frequent
hospitalizations. Seven hundred and eighty subjects with complete baseline measures were
included in this analysis. Baseline glomerular filtration rate (GFR) levels were between 13 and
55 mL/min/1.73 m2, equivalent to CKD stages 3 and 4. This study was approved by the
Institutional Review Boards of Tufts-New England Medical Center and the Cleveland Clinic
Foundation.

Anthropometric Measures

Assays

Anthropometric measurements were performed at baseline. Weight and height were measured
using standardized equipment and procedures. Body mass index (BMI) was calculated as
weight divided by height square (kg/m2). Mid arm circumference (MAC) was measured using
a metal tape. Triceps, biceps and subscapular skinfold thicknesses were measured using a
Holtain caliper (Holtain Ltd; Crosswell, Crymych, UK). Mid arm muscle area (AMA) was
calculated from MAC and triceps skinfold thickness according to the following equation
(25): AMA (cm?) = [(MAC — 3.1416 x triceps skinfold thickness in cm)2/4 x 3.1416]. The
arm muscle area measurements reported here are based on bone-free arm muscle area. This is
calculated by subtracting a factor of 19.0 for men and 15.5 for women from the AMA equation
shown above (25). Arm muscle area was measured at baseline and at one year.

Samples collected at baseline were used to measure the metabolic factors of interest as follows.
Leptin was measured using a commercially available radioimmunoassay kit (Linco Research,
St. Louis, MO) with a sensitivity of 0.5 ng/mL. Adiponectin was measured using a
commercially available enzyme immunoassay kit (R&D Systems, Minneapolis, MN). Fasting
plasma insulin concentrations were measured using Linco specific human antibodies (Linco
Research, St. Louis, MO), and glucose using the hexokinase enzymatic method. Insulin
resistance was estimated by the Homeostasis Model Assessment (HOMA) method as (fasting
glucose in mmol/I x fasting insulin pU/ml)/22.5 (26). High-sensitivity C-reactive protein
(CRP) was measured using a Dade Behring BN Il nephelometer (Dade Behring, Deerfield, IL)
by means of particle-enhanced technology with a detection limit of 1 mg/L. All laboratory
measures had coefficients of variations were under 8%.

Statistical Analysis

Statistical analysis was carried out using SPSS for Windows version 14.0 (SPSS Inc., Chicago,
IL). Data are reported as mean and standard deviation (SD) for normally distributed continuous
data, median and interquartile range (IQR) for non-normally distributed continuous variables,
and percentages for categorical data. Severely positively skewed variables (leptin, HOMA,
CRP, and transferrin) were log transformed for analyses. Baseline subject characteristics by
gender-specific quartiles of arm muscle area are presented for demographic, anthropometric,
metabolic and nutritional variables. Differences in baseline characteristics were tested using
one-way analysis of variance.

Because BMI is strongly associated with the study outcome (arm muscle area) as well as with
the metabolic factors of interest (leptin, adiponectin, HOMA, and CRP), we first assessed the
univariate associations between BMI and these factors using linear regression analysis. We
then performed partial correlations, adjusting by gender and BMI, to examine the relationships
between arm muscle area and selected metabolic and nutritional variables. Finally, we used
multivariable linear regression analysis to examine the effect size or degree of association
between arm muscle area and the predictor variables. For this purpose, we constructed separate
regression models for each metabolic factor of interest: leptin (Model 1), adiponectin (Model
2), insulin resistance or HOMA (Model 3), and CRP (Model 4); adjusting for age, gender, BMI,
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dietary energy and protein intake, serum albumin concentrations and GFR, as independent
variables. These covariates were chosen because of their known association with arm muscle
area and based on a P <0.1 in univariate associations with arm muscle area.

We also performed separate multivariable logistic regression models using low arm muscle
area (defined as a value < 25t percentile) as the dependent variable and each of the metabolic
factors of interest, adjusting for previously defined covariates. We used this conservative cut-
off for arm muscle area because there are no reference data in people with CKD. Finally,
multivariable linear and logistic regression models were repeated using standardized arm
muscle area (by percent body weight) at baseline as the dependent variable to account for body
size.

Longitudinal Analysis

Results

The mean difference in arm muscle area at 1-year was calculated as arm muscle area at 1-year
minus arm muscle area at baseline. Since there was no significant difference at 1-year we did
not perform multivariable analyses. The study cohort was divided into tertiles based on mean
difference in arm muscle area and levels of the metabolic factors of interest were compared
among tertiles using analysis of variance.

Baseline Characteristics

Sixty two percent of the MDRD study participants were men and 85% were white. Mean age
was 52 + 12 years and GFR level was 33 + 12 mL/min/1.73m?2. Baseline mean arm muscle
area in men was 46 + 12 cm? while in women it was 29 + 12 cm2. Gender-specific distribution
of baseline arm muscle area is shown in Figure 1. Mean adiponectin was 12.6 + 7.0 ug/mL,
and median (IQR) leptin was 9.0 (13.6) ng/mL, HOMA was 2.4 (2.0), and CRP was 2.3 (4.9)
mg/L. Baseline subject characteristics by gender-specific quartiles of arm muscle area are
shown in Table 1. Participants in the highest quartile of arm muscle area were significantly
older; had higher BMI; had higher levels of triglycerides and LDL-cholesterol and lower levels
of HDL-cholesterol; and had higher protein intake and GFR levels. Participants with higher
arm muscle area also had higher blood levels of serum bicarbonate, glucose, insulin, HOMA,
CRP and leptin, and lower adiponectin levels.

BMI and Arm Muscle Area

BMI was significantly associated with arm muscle area (r=0.64), leptin (r=0.37), adiponectin
(r=—0.33), CRP (r=0.44), and HOMA (r=0.43); all P values <0.001. A model with BMI as the
only independent variable explained 41% of the variability in arm muscle area.

Correlates of Arm Muscle Area

Since the univariate associations were strongly confounded by BMI, partial correlation
analyses adjusted for gender and BMI were used to examine the univariate relationships
between arm muscle area and demographic, clinical, metabolic and nutritional variables (Table
2). Arm muscle area was positively correlated with energy intake, serum albumin, and GFR,
with a trend towards a positive association with dietary protein intake. Arm muscle area was
negatively associated with adiponectin, leptin, and CRP.

Determinants of Arm Muscle Area

In separate multivariable linear regression analyses adjusting for previously described
covariates, there was an independent inverse relationship of leptin and CRP with arm muscle
area, a trend toward significance for adiponectin, and no relationship with HOMA (Table 3).
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After adjusting for other variables in the model, a doubling of leptin and CRP levels were
associated with mean reductions in arm muscle area equivalent to 4.77 cm? (95%Cl=—4.12 to
5.41) and 1.86 cm? (1.39 to 2.32), for leptin and CRP, respectively.

In multivariate logistic regression analyses, higher leptin levels [Odds Ratio and (95%
Confidence Interval)= 4.3 (2.2, 8.5), P<0.001) and CRP levels [1.8 (1.2, 2.6), P<0.01]; but not
adiponectin [0.9 (0.9, 1.0), P=0.94] or HOMA [1.0 (0.5,2.2), P=0.92] were associated with
increased odds of low arm muscle area (defined as <25 percentile). Similar results were
obtained when analyses were repeated using baseline arm muscle area standardized by percent
body weight instead of absolute arm muscle area (data not shown).

Longitudinal Analysis

Mean arm muscle area at one year follow up was 45 + 11 cm? in men and 29 + 13 cm? in
women. There was no change in mean arm muscle area compared to baseline (mean differences
were —1.0 + 5.8 cm? and 0.1 + 7.8 cm? for men and women, respectively). There were no
differences in the levels of leptin, adiponectin, HOMA and CRP from baseline to one year
follow up when assessed by tertiles of mean difference in arm muscle area. In addition, there
were no associations between any of these metabolic factors and mean difference in arm muscle
area at one year. Studies with longer duration of follow up may be needed to further evaluate
these relationships.

Discussion

We explored the relationship of leptin, adiponectin, insulin resistance, and CRP with arm
muscle area (a proxy of muscle mass) in a large cohort of patients with stages 3-4 CKD. After
adjustment for BMI, higher levels of leptin and CRP were associated with lower arm muscle
area. There was a trend toward an inverse relationship of adiponectin with arm muscle area,
but no independent association with HOMA. However it must be noted that the most important
determinant of arm muscle area in this cohort was BMI and that BMI was also correlated with
leptin, adiponectin, CRP and HOMA, thus potentially confounding these relationships.

Bigger body size is usually accompanied by a combination of higher BMI (a result of increased
body fatness) and greater muscle mass. This would account for the fact that BMI was the single
most important determinant of arm muscle area in this study, and that the univariate
associations between the metabolic factors under study and arm muscle area were confounded
by their association with BMI. We used arm muscle area measured by skinfold anthropometry
as an indicator of the muscular component of lean body mass. This technique has been widely
used in population studies because it is simple, affordable and reliable (27). The assessment
of arm muscle area based on triceps skinfold thickness and arm circumference does take into
account subcutaneous fat (28). However, in a disease condition like CKD, where a mismatch
between fat and muscle is possible (29), the use of simple anthropometric techniques may be
limited. Therefore, our findings should be taken with caution as alternative measures of body
composition may be needed to clearly evaluate the contribution of total and regional body fat
to muscle mass in this patient population. Nonetheless, our findings corroborate those observed
in kidney failure and underline the possible role of these metabolic factors on muscle mass
maintenance in the earlier stages of the disease, as described below.

Leptin and Arm Muscle Area

We found that high serum leptin levels were significantly associated with low arm muscle area,
suggesting that leptin may be involved in the development of malnutrition in this patient
population. There are some data in support of a role for hyperleptinemia in the development
of malnutrition in CKD. In the general population leptin levels are directly associated with fat
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Adiponectin

mass (30) and are believed to regulate adiposity by interacting with putative hypothalamic
receptors and altering eating behavior (7). A few studies have demonstrated that
hyperleptinemia in dialysis patients is associated with inadequate protein and energy intake
and loss of lean tissue (8). Although, there are no studies confirming that leptin is the direct
cause of anorexia and malnutrition in kidney disease, the anorexia of uremia has been linked
with factors known to regulate appetite including leptin (31). Another potential mechanism by
which hyperleptinemia may lead to malnutrition is through cytokine-mediated protein
catabolism (32).

and Arm Muscle Area

Interestingly, we found a trend for an inverse association between adiponectin levels and arm
muscle area, suggestive of a potentially deleterious effect of high adiponectin levels on
nutritional status in CKD. In contrast to findings in the general population (33), high
adiponectin levels are associated with increased mortality in patients with CKD (10) and heart
disease (34). This may be due to the possible role of adiponectin on increase energy expenditure
(12), which in catabolic states like CKD, may lead to accelerated muscle wasting and adverse
disease outcomes.

Insulin Resistance and Arm Muscle Area

We did not find an association between insulin resistance (as measured by increased HOMA
levels) and arm muscle area, despite the fact that insulin-mediated protein anabolism occurs
largely in skeletal muscle (35). It is possible that this cohort of relatively healthy and well
nourished patients with CKD stages 3—4 may be less insulin resistant than patients with kidney
failure (CKD stage 5); and thus, we were unable to appreciate the effects seen with more severe
insulin resistance. It is also possible that subtle increases in protein degradation that could
contribute to a slow but sustained reduction in muscle mass might have not been detected with
the anthropometric techniques used in this study.

C-Reactive Protein and Arm Muscle Area

Finally, we found that increased CRP levels were associated with a significant reduction in
arm muscle area. Of note, CRP levels in the MDRD cohort were shown to approximate the
levels reported in the general population using data from the Third National Health and
Nutrition Examination Survey (NHANES I111) and the same testing methodology (36). This
finding suggests that this cohort may be relatively healthier and better nourished than the
general CKD population with the same disease stage. A possible interpretation for these data
is that the pathogenesis of malnutrition and muscle wasting in the earlier stages of kidney
disease may in fact be associated with low levels of inflammation, thus requiring more
attention.

There are three potential limitations of our analyses. First, the cross-sectional nature of this
study precludes any assumptions of causality in the relationships examined. However, our
results indirectly provide further support for the role of adipokines and inflammation as risk
factors of muscle loss in patients with CKD stages 3—4. Second, the results observed may be
unique to the MDRD Study cohort of relatively young and healthy patients with predominantly
non-diabetic CKD. However, this cohort includes patients with a wide range of kidney function
and detailed ascertainment of nutritional status. Third, the use arm muscle area by skinfold
anthropometry, a widely used and valid technique in large population studies (27). Our results
suggest that in patients with CKD, arm muscle area estimated by anthropometry is heavily
confounded by BMI and subcutaneous fat. Accordingly, our univariate associations were
confounded by BMI and the relationships between metabolic factors of interest and arm muscle
area were unmasked only after adjustment for BMI.
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In conclusion, our findings suggest a potential role for adipocyte-derived factors in the
development of muscle wasting, a powerful prognostic indicator in CKD. Further studies are
needed to understand the mechanisms underlying malnutrition in earlier stages of CKD and to
develop preventive interventions.
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Figure 1.
Distribution of baseline arm muscle area measures for men (open bars) and women (closed
bars) in the MDRD Study cohort studied. Error bars represent SD.
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Figure 2.

Gender distribution of each metabolic factor (leptin, adiponectin, Homeostasis Model
Assessment -HOMA, and C-reactive protein —CRP) is shown by tertiles of mean difference
in arm muscle area (one year minus baseline). Error bars represent mean (SD) for adiponectin
and median (IQR) for log transformed variables (leptin, HOMA, and CRP).
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Quartiles of Arm Muscle Area (cm?)

Characteristic [7.2-37.7] [20.5-44.1] [27.0-53.2] [34.8-88.7]
N=195 N=195 N=195 N=195

Age (years) 495 +135 52.7 +12.7 51.1+11.7 53.9 +10.92
Body Mass Index (kg/mz) 23.8+3.0 259+34 27.2+29 31.3+4.02
Protein Intake (g/kg/d) 0.9+0.3 1.0+0.3 1.0+0.3 11+032
Energy Intake (kcal/kg/d) 26.7+6.8 26.3+6.8 26276 25885
Triglycerides (mg/dL) 121 (81) 138 (121) 136 (116) 152 (150)a
LDL-cholesterol (mg/dL) 143 £ 39 144 + 40 154 + 42 147 + 448
HDL-cholesterol (mg/dL) 42 +15 41 +16 39+13 37+ 128
Albumin (g/L) 40+03 40+0.4 40+0.4 40+03
Transferrin (mg/dL) 272 (61) 268 (60) 267 (50) 266 (59)
GFR (mL/min 1.73 m2) 29.4+11.2 32.1+12.6 341+12.1 34.7+11.72
Proteinuria (g/d) 0.3(1.2) 0.3 (1.7) 0.2 (1.5) 0.3 (1.5)
Bicarbonate (mmol/L) 22+4 24+ 4 23+4 23 +32
Glucose (mg/dL) 86 + 15 93+22 92+28 97 +314
Insulin (nU/L) 10.0 (6) 10.0 (7) 11.0(8) 14.0 (;]_0)a
Leptin (ng/mL) 7.8 (10.9) 8.8 (12.1) 9.0 (15.5) 10.8 (20.9)2
Adiponectin (ug/mL) 145+74 141+7.1 11.9+6.5 98+572
HOMA 20(15) 6.5(1.9) 24(21) 3.1 (2_6)a
CRP (mg/L) 1.6 (4.0) 2.4 (4.3) 2.1(4.3) 3.8 (6.4)2

Data are mean * SD or median (IQR). GFR, Glomerular Filtration Rate; HOMA, Homeostasis Model Assessment; CRP, C-reactive protein; adjusted for

gender.

aOverall P value < 0.05

Conversion to Sl units: Multiply by 0.01129 to covert triglycerides in mmol/L, by 0.02586 to convert LDL- and HDL-cholesterol in mmol/L, by 0.01 to
covert transferrin in g/L, by 0.05551 to convert glucose in mmol/L, and by 7.175 to convert insulin in pmol/L.
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Correlates of Arm Muscle Area

Table 2
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Variable r P value
Age (years) —0.05 0.20
Protein Intake (g/kg/d) 0.06 0.07
Energy Intake (kcal/kg/d) 0.10 0.01
Triglycerides (mg/dL) —-0.02 0.53
LDL cholesterol (mg/dL) 0.04 0.91
HDL cholesterol (mg/dL) 0.01 0.77
Albumin (g/L) 0.08 0.02
Transferrin (mg/dL)b —0.04 0.29
GFR (mL/min 1.73 m?) 0.07 0.05
Proteinuria (g/d) -0.02 0.63
Bicarbonate (mmol/L) 0.02 0.50
Glucose (mg/dL) —-0.03 0.37
Insulin (nU/L) 0.02 0.60
Leptin (ng/mL)b —-0.26 <0.001
Adiponectin (ug/mL) -0.10 0.01
HOMAP 0.01 0.78
CRP (mg/L)P -0.15 <0.001

aPartial correlations adjusted for gender and body mass index (BMI)

b . . . . .
Transferrin, leptin, Homeostasis Model Assessment (HOMA), and C-reactive protein (CRP) were log transformed

J Ren Nutr. Author manuscript; available in PMC 2009 June 20.



Page 13

Castaneda-Sceppa et al.

sIsAJeue 1oy pawloysuel) 6oj atam (d4D) uisoid anioeal-Q pue ‘(WVINOH) JUSWSSaSSY |9POIAl SISeISOaWoH .c_am._o

[eAI3IUI 3DUBPISU0D 94G6 PUB JUBIDIJS0D UOISsaIBay

a
99'0=V [3PON :59°0=¢€ I9POIA :G9'0=C [3POIN :29°0=T I3POIN Nmm

vT°0 (T'0'70'0-) ¥0'0 v10 (T'0'70'0-) ¥0°0 120 (T'0'20'0-) €00 9g'0 (T'0'€0°0-) 20°0 (LT uwy/w) Y49
600 (€0'200-) 10 00 (#'0'100) 20 600 (€0'z00-) 20 100 (#'0'v00) 20 (71/8) unwngy
G8°0 (62'sz-)eo 860 (L'z'8'z-) 200~ 98'0 (Sz'62-) 20~ €80 (6272 €0 (p/B>1/6) axfelu] usiold
120 (z0'v00-) 10 2o (z0'z00-) 10 600 (z0'z00-) 10 8T°0 (z0'v0'0-) T0 (p/Bx1/1e2%) 8xjeju] ABssuz
100°0> (cz'enTC 100°0> (T2'81) 6T 100°0> (Tz'8T) 61 100°0> we'reee (;w/B>) xapu] sselN Apog
100°0> (e1-'s1-) ¥1- 100°0> (eT-'ST-) ¥1- 100°0> (z1-'91-) €T~ 100°0> (6-'21-) 11— (uaW "sA uswom) Japua
G50 (T0'v00-) T0 190 (¥0'0‘T°0-) T0- 190 (¥0'0'1°0-) T0- 850 (¥0'0'1°0-) T'0- (K) abv
100°0> (r1-'6€-) L'e- - - - - - - 5(1/Bw) dyd
- - 080 (67'52) €0~ - - - - oVINOH

- - - - 200 (too'zo-) To- - - (w/Br) unoauodipy

- - - - - - 100°0> (T'5-2'8-) 6'9— H(Tw/Bu) unde

{10 %36) 9 q(10 %g6) 8 {12 %g6) & (10 %g6) 9
anjen d ol ISPON anjend o€ IBPON anjen d ¢ ISPON anjen d el I9PON J3jaweled

(zWw) ealy 8J9SNIN WY SluBUIWISIa J0J S|9POIA UoIssalfay Jeaul ajgerieAnniA

NIH-PA Author Manuscript

€9lqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Ren Nutr. Author manuscript; available in PMC 2009 June 20.



