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Assessment of muscle mass and its association with
protein intake in a multi-ethnic Asian population:
relevance in chronic kidney disease
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Background: Clinical practice guidelines recommend objective nutritional assessments in managing chronic kid-
ney disease (CKD) patients but were developed while referencing to a North-American population. Specific rec-
ommendations for assessing muscle mass were suggested (mid-arm circumference, MAC; corrected mid-arm
muscle area, cCAMA; mid-arm muscle circumference, MAMC). This study aimed to assess correlation and associ-
ation of these assessments with dietary protein intake in a multi-ethnic Asian population of healthy and CKD pa-
tients. Methods: We analyzed 24-hour urine collections of selected participants to estimate total protein intake
(TPI; g/day). Ideal body weight (IDW; kg) was calculated and muscle assessments conducted. Analyses involved
correlation and linear regression, taking significance at p<0.05. Results: There were 232 stable CKD patients and
103 healthy participants comprising of 51.0% male, 38.5% Chinese, 29.6% Malay, 23.6% Indian, and 8.4% oth-
ers. The mean TPI was 58.9+18.4 g/day in healthy participants and 53.6+19.4 g/day in CKD patients. When nor-
malized to ideal body weight, TPI-IDW (g/kg/day) was similar in healthy and CKD participants. Overall, TPI was
associated with MAC (r=0.372, p<0.001), cAMA (r=0.337, p<0.001), and MAMC (r=0.351, p<0.001). TPI-IDW
was also associated with MAC (r=0.304, p<0.001), cAMA (r=0.202, p<0.001), and MAMC (r=0.200, p<0.001)
but not for TPI normalized to actual body weight. When examined separately, TPI was associated with MAC,
cAMA, and MAMC in both CKD and healthy participants, but was associated with TPI-IDW only in CKD pa-
tients. Conclusion: Total protein intake was associated with muscle assessments in all participants. TPI normal-

ized to IDW should only be used in CKD patients.
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INTRODUCTION

Guidelines on the nutritional assessment of chronic kid-
ney disease (CKD) patients have been promulgated by
several organizations.'” The objective nutritional assess-
ments may include body mass index (BMI), percentage of
standard body weight, mid-arm circumference (MAC),
triceps skin-fold (TSF), mid-arm muscle area (AMA),
corrected AMA (cAMA), and mid-arm muscle circumfer-
ence (MAMC)."** These measures however, referred to a
North-American general population (U.S. NHANES-
National Health and Nutrition Examination Survey-II
data).*® The measures in a CKD patient population are
compared to a “normal” reference population (the US
NHANES) data; suggesting that patients with values low-
er than the reference population may be at risk of protein-
energy malnutrition and therefore, have a lower muscle
mass. There are several assumptions which need to be
satisfied before we can adopt these recommendations for
assessing populations outside of the United States. First,
the assessments of the “general” or “standard” population
will be similar to the NHANES II reference population,
especially for healthy people without kidney disease.

Second, the measures have a strong correlation and asso-
ciation with daily protein intake. Third, if the “general” or
“standard” population is not similar to the NHANES II
reference population, then a reference standard population
data needs to be established for the external population in
question. It is therefore unclear how these measures com-
pare in an Asian population as no reference tables for
these assessments have been published. Correlation of
dietary protein intake with these assessments of muscle
mass is unknown.”® In this cross-sectional study, (1) we
assessed several of these anthropometry-based muscle
mass assessments and their association with dietary pro-
tein intake, and (2) provided comparison tables of these
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assessments in a multi-ethnic Asian population of healthy
and stable chronic kidney disease participants.

METHODS

This is a sub-study of data from the Singapore Kidney
Function Study Phase 1 (SKFS1; D/2007/524) and the
Asian Kidney Disease Study (AKDS; D/2007/00225),
approved by the institution review board.’

Participants

In SKFS1, we recruited 103 healthy volunteers presenting
to the National University Hospital, Singapore. The inclu-
sion criterion was non-pregnant adults (>21 years). Vol-
unteers were excluded if they had any of the following:
inability to consent, physical conditions that render phle-
botomy for blood samples difficult, inability to collect
urine samples successfully, use of regular medications,
hypertension, diabetes, possible kidney dysfunction (by
urinalysis, or on renal imaging), and any condition that
potentially interferes with the accuracy of the measure-
ment of GFR. Volunteers were screened with urine dip-
sticks for hematuria, leukocyturia, proteinuria, and micro-
albuminuria. The target sample size was 3 male and 3
female volunteers per decade from age 21 years per eth-
nic group (Chinese, Malay, Indian and others).

In AKDS, we recruited 232 patients with CKD present-
ing to the outpatient nephrology clinics in the National
University Hospital, Singapore. The inclusion criteria
were non-pregnant adult (>21 years), serum creatinine
with an estimated or measured GFR (MDRD, Cockroft-
Gault 10 or creatinine clearance) of 10 mL/min to 90
mL/min, “stable CKD” defined as two sets of serum cre-
atinine measured >60 days apart of less than 20% differ-
ence, and the definition of CKD that followed the clinical
practice guidelines.'' Patients were excluded if they had
any of the following: inability to consent, physical condi-
tions that render phlebotomy for blood samples difficult,
inability to collect urine samples successfully, acute kid-
ney function deterioration, or any condition that potential-
ly interferes with the accuracy of the measurement of
GFR.

Laboratory tests

All participants performed a 24-urine collection and pre-
sented the following day for GFR measurement, anthro-
pometric measurements (height, weight, waist-hip cir-
cumference, blood pressure, triceps skin-fold) and provi-
sion of blood and urine samples. GFR was determined by
3-sample plasma clearance of an intravenous bolus of
99mTc-DTPA."? Body surface area was calculated using
the du Bois equation.® Urine urea nitrogen (g/day) was
measured in the 24-hour urine collections to estimate die-
tary protein intake using the following formulae: total
protein intake (g/day) = 6.25 x urine urea nitrogen + 30 x
weight (in kg).

Nutritional assessments
Using the measured parameters, dietary protein intake,
ideal body weight, and measures of muscle mass were
estimated using the following formulae:
Total protein intake (TPI, g/day) = 6.25 x urine urea ni-
trogen + 30 X weight (in kg)

Ideal body weight: weight (kg) = 22.99 x height’ (m)."
Measures of muscle mass 1:

MAMC (cm) = MAC (cm) - (nt x TSF)

cAMA (cm?) in men = [(MAC - © x TSF)*/4x] - 10
cAMA (cm?) in women = [(MAC - © x TSF)*/4x] - 6.5

Statistics

We expressed total protein intake per actual body weight
and per ideal body weight for comparisons. Data were
presented as mean+SD, or median and inter-quartile
range depending on distribution. Standard statistical tests
including t-test, ANOVA, chi-square test, Pearson corre-
lation, and linear regression were used where appropriate.
We tested the measures of muscle assessment MAC,
cAMA, and MAMC against TPI, TPI per ideal body
weight (TPI-IDW), and TPI per actual body weight (TPI-
ABW) by considering all data as a whole, and separate
datasets of healthy and CKD participants. Pearson’s r
denotes the strength of the correlation and linear regres-
sion quantifies this relationship. Significance was taken at
the 5% level. Non-significant p-values are reported as NS.
Analyses were performed on JMP 10 (Cary, NC, USA).

RESULTS

There were 335 participants (Table 1). Using a body mass
index (BMI) of 23.0 as the normal upper limit in Asians,
healthy participants were on average 5.0£10.4 kg over-
weight, and CKD patients were 11.8+13.6 kg overweight.
CKD patients were older (58.4+12.8 vs 42.5+14.3 years;
p<0.001), shorter (1.59+0.09 vs 1.62+0.10 m; p=0.008),
weighed more (70.3+15.9 vs 65.7+£12.8 kg; p=0.010), and
had higher BMI (27.6+5.45 vs 24.9£4.03 kg/m*; p<0.001);
but average BSA was similar to healthy participants. In
CKD, the average GFR was about half that of healthy
participants (52427 vs 101£16 mL/min/1.73 m*; p<0.001).
They also had a lower TPI (53.6+19.4 vs 58.9+£18.4 g/day;
p=0.021) which is associated with a lower serum albumin
(41.8£3.2 vs 43.5+2.6 g/L; p<0.001). However, TPI nor-
malized to ideal body weight (TPI-IDW) was similar be-
tween CKD patients and controls (0.91£0.30 vs
0.97+0.28 g/kg/day; p=0.102).

Muscle mass

The distribution of mid-arm circumference (MAC), tri-
ceps skin-fold (TSF), corrected AMA (cAMA), and mid-
arm muscle circumference (MAMC) is shown in Table 2.
Overall, in all participants, the TPI (g/day) was correlated
with muscle mass assessments (Figure 1), MAC (1=0.372,
p<0.001), cAMA (r=0.337, p<0.001), and MAMC
(r=0.351, p<0.001). Using linear regression, TPI was as-
sociated with MAC (25.7+0.078xTPI; p<0.001), cAMA
(19.140.207xTPI; p<0.001), and MAMC (18.1+0.067x
TPI; p<0.001).

The TPI-IDW (g/kg/day) for all participants also corre-
lated with muscle mass assessments: MAC (r=0.304,
p<0.001), MAMC (1=0.200, p<0.001), and cAMA
(r=0.202, p<0.001). By linear regression, TPI-IDW was
associated with MAC (26.1+4.15xTPI; p<0.001), cAMA
(23.03+8.13xTPI; p<0.001), and MAMC (19.5+2.48x
TPI; p<0.001). No significant associations were seen
when TPI was normalized using actual body weight.

When healthy and CKD participants were examined
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Table 1. Characteristics of participants

All

SKFS1T AKDS?

(n=335) (n=103) (n=232) p-value
Age (years) 53.5+15.1 42.5+14.3 58.4+12.8 <0.001
Men (n, %) 171 (51.0) 51 (49.5) 120 (51.0) NS
Ethnicity (n, %) <0.001
Chinese 129 (38.5) 35(34.0) 94 (40.5)
Malay 99 (29.6) 25(24.3) 74 (31.9)
Indian 79 (23.6) 23 (22.3) 56 (24.1)
Others 28 (8.4) 20(19.4) 8(3.5)
Smokers (n, %) 68 (20.4) 22 (21.4) 46 (20.0) NS
Diabetes (n, %) 119 (35.5) 0 119 (51.3) <0.001
Hypertension (n, %) 192 (57.3) 0 192 (82.8) <0.001
Height (m) 1.60+0.09 1.62+0.10 1.59+0.09 0.008
Weight (kg) 68.9£15.1 65.7+12.8 70.3+£15.9 0.010
Body mass index (kg/m?) 26.8+5.21 24.9+4.03 27.6+5.45 <0.001
Body surface area (m®) 1.72+0.21 1.70+0.20 1.73+0.01 NS
Ideal body weight (kg) 59.247.0 60.7£7.2 58.5£6.7 0.008
Measured glomerular filtration rate 67+33 101x16 52427 <0.001
(mL/min/1.73 m?)
Serum creatinine (umol/L) 127486 70+16 153+£92 <0.001
Serum albumin (g/L) 42.3+3.1 43.5+2.6 41.8+3.2 <0.001
24-hr urine urea nitrogen (g/day) 6.77+2.91 7.45+2.80 6.47+2.92 0.004
Total protein intake (g/day) 55.3£19.2 58.9+18.4 53.6£19.4 0.021
Protein intake/ideal body weight 0.93+0.29 0.97+0.28 0.91+0.30 0.102
(g/kg/day)
Mid-arm circumference (cm) 30.0+4.03 29.5+3.74 30.2+4.15 NS
Triceps skinfold thickness (cm) 2.61+1.04 2.60+1.05 2.62+1.04 NS
Mid-arm muscle circumference (cm) 21.8+3.67 21.4+3.64 22.0+3.68 NS
Corrected arm muscle area (cm®) 30.6+11.8 29.1+11.3 31.2+12.1 NS
'SKFS1: Singapore Kidney Function Study; YAKDS: Asian Kidney Disease Study; "NS: non-significant.
Table 2. Nutritional assessments by age
+ Age (years) p-
Measures” —q G 7 20-30 30-40 40-50 50-60 60-70 70-80 80-90 value’
MAC SKFS1 28.5+3.2 30.3+4.5 29.8+£3.2 30.5¢4.1 28.9£2.4 27.1+4.8 - NS
(cm) AKDS  29.1+64  29.544.3  31.9+4.7 30.9+3.3 30.4+4.2 28.6+4.1 25.8+2.5 0.005
TSF SKFS1 2.5%1.1 2.6x1.2 2.4+0.7 3.0+1.3 2.8+0.9 1.6+0.4 - NS
(cm) AKDS 2.6+0.8 3.0+0.9 2.7+£0.9 2.8+1.1 2.6x1.1 2.3£1.0 1.6+£0.4 NS
cAMA SKFS1  26.9+10.8 32.5+14.6 32.0+10.7  28.5£9.4 24.7+5.8 21.7+9.6 - NS
(cm?) AKDS  28.4+12.8 25.6£7.9 37.5£16.9  31.9+11.2 31.5£11.5  28.8£10.8  24.9+6.7 0.031
MAMC SKFS1 20.7£3.8 22.2+44.4 22.3+£3.4 21.3+£3.3 20.2+£2.0 19.3+3.4 - NS
(cm) AKDS  20.9+44.3  20.242.7  23.5+4.8 22.2+3.6 22.2+3.4 21.343.5 20.9+2.0 NS

"MAC: mid-arm circumference; TSF: triceps skinfold; cAMA: corrected mid-arm muscle area; MAMC: mid-arm muscle circumference.
'SKFS: Singapore Kidney Function Study; AKDS: Asian Kidney Disease Study. NS: non-significant.

separately, TPI was associated with MAC, cAMA, and
MAMC in both groups. However, TPI-IDW was signifi-
cantly associated with these measures only in CKD pa-
tients. (Table 3)

DISCUSSION

The estimation of daily protein intake from urine collec-
tions is a cumbersome process and not feasible in daily
clinical practice. Simpler, validated methods should be
considered to assess protein intake and malnutrition. Pe-
riodic monitoring and assessments for muscle mass in
comparison to a reference population is recommended by
the KDOQI guidelines." However, it has never been
shown if protein intake is associated with these measures
of muscle mass in an Asian population. Moreover, the
clinical outcomes are referred to the NHANES population,

and it is unclear how accurately these measures relate to
our multi-ethnic population.! Our study shows that MAC,
cAMA and MAMC were associated with daily total pro-
tein intake in both healthy and CKD Asian patients. But
total protein intake normalized to ideal body weight ap-
plied only to CKD patients. The correlation was stronger
with absolute daily total protein intake rather than intake
values normalized to ideal body weight. This may be a
result of the fact that body weight is part of the formula
for calculating protein intake from 24-hr urine urea nitro-
gen.

Adequate dietary protein intake in healthy and stable
chronic kidney disease participants should maintain mus-
cle mass, i.e. taking adequate protein per kg body weight
of muscle. To reduce potential confounding in clinical
practice from fat mass (in overweight and obese partici-
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Table 3. Correlation of muscle assessments with protein intake

Measures’

Correlation/linear association with:

Total protein int_ake (g/day)

Total protein intake/ideal b_ody weight (g/kg/day)

All?

SKFS1?

AKDS?

All?

SKFS1?

AKDS?

MAC (cm)

cAMA (cm?)

MAMC (cm)

1=0.372, p<0.001
25.7+0.078xTPI,
£<0.001

r=0.337, p<0.001
19.1+0.207<TPI;
£<0.001

r=0.351, p<0.001
18.1+0.067xTPI;
p<0.001

1=0.263, p<0.001
26.4+0.053xTPI
»=0.0072

r=0.242, p<0.001
20.4+0.15xTPI,
p=0.0138

r=0.273, p<0.001
18.2+0.05<TPI
£=0.0052

1=0.433, p<0.001
25.2+0.09xTPI;
£<0.001

r=0.393, p<0.001
18.1-+0.24xTPL;
£<0.001

r=0.402, p<0.001
17.9+0.08xTPI
£<0.001

r=0.304, p<0.001

26.1+4.15xTPI-IDW;

£<0.001
r=0.202, p<0.001

23.03+8.13xTPI-IDW;

£<0.001
r=0.200, p<0.001

19.5+2.48xTPI-IDW;

£<0.001

1=0.139, p<0.001

27.8+1.82xTPI-IDW;

p=NS

r=-0.0096, p<0.001
29.5-0.38xTPI-IDW;

p=NS
r=0.154, p<0.001

21.2+0.20xTPI-IDW;

p=NS

1=0.379, p<0.001
25.4+5.26XTPI-IDW;
£<0.001

1=0.298, p<0.001
20.2+12.03xTPL-IDW;
£<0.001

r=0.287, p<0.001
18.8 + 3.54xTPLIDW;
£<0.001

"MAC: mid-arm circumference; TSF: triceps skinfold; cAMA: corrected mid-arm muscle area; MAMC: mid-arm muscle circumference. AL all participants (n=335); SKFSI:

(n=103); AKDS: Asian Kidney Disease Study (n=232). NS: non-significant.

Singapore Kidney Function Study
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(a) Mid-arm circumference: r=0.372, p<0.001; 25.7+0.078x
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(b) Corrected arm muscle area: r=0.337, p<0.001; 19.1+0.207x
TPI; p<0.001.
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(c) Mid-arm muscle circumference: r=0.351, p<0.001; 18.1+
0.0670xTPI; p<0.001.

Figure 1. Relationship between muscle assessments and daily
total protein intake in all participants (n=335)". "TPI: total protein
intake (g/day).

pants), and edema in CKD patients, protein intake is usu-
ally normalized to “edema-free” “standard” body weight.
Our data shows that daily total protein intake has a better
correlation and linear association with muscle mass as-

sessments than normalizing its value to ideal body weight.

Nonetheless, normalization appears to be valid in CKD
patients. Therefore, our study suggests that these anthro-

pometry-derived estimates of muscle mass may be used
for assessment of nutrition in Asian CKD patients, and
guide dietary counseling, even though they were original-
ly derived from non-Asian populations.

The strengths of our prospective study include the fair-
ly large study size for patients with anthropometry, refer-
ence GFR measurements, and systematic urine collections
for objective urea nitrogen assay, which were consistently
performed by the same research personnel. Recruitment
was strategized to ensure a spread of healthy and CKD
patients over the GFR range with adequate numbers of
participants’ representative of ethnicity and gender. We
are limited by the lack of a reference standard method of
assessment (dual-energy X-ray absorptiometry, computed
tomography or magnetic resonance imaging) for muscle
mass. The use of 24-hr urine urea nitrogen to estimate
dietary protein intake assumes steady state protein intake
and stable metabolic and clinical status. Participants with
inter-current illness, randomly reduced or increased die-
tary protein intake, and catabolic conditions may result in
erroneous conclusions. There are no current data tables of
these nutritional assessments for the general population of
Singapore in both healthy people and CKD patients. Skin-
fold thickness which is a reflection of body fat stores may
also be affected by ethnicity." Our study population and
size would be inadequate to provide definitive data tables
for the nutritional assessments as establishing reference
tables normally requires about 120 subjects for each pa-
rameter-category assessed (e.g. age groups, sex, ethnicity,
etc.) but these data provide an opportunity for future
comparisons and further study.

In summary, current nutrition assessment (muscle)
methods proposed by clinical practice guidelines may be
validly applied to a multi-ethnic Asian population of
CKD and healthy individuals.
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Boon Wee Teo MB, BCh, BAO, B Med Sci, FASN, FACP', Qi Chun Toh Bsc',
Xue Wei Chan', Hui Xu MD, PhD', Jia Liang Li phD?, Evan JC Lee MD'

'Department of Medicine, Yong Loo Lin School of Medicine, National University of Singapore, Singapore
’Department of Statistics and Applied Probability, Faculty of Science, National University of Singapore,
Singapore

FARBETFAEI R R r,_:l*fa}w ;T
ﬁ-'}.hﬁﬁ?&mw

TR AREYRERLFOERY o LR IBhs R EDELY HOTR LS
FAEAED Lo B pauep FRIEREENLT YT (MAC) - ki
e BEvep G (CAMA) fo@ BB9eF] (MAMC) ° #8735 0P hE & § 2%
T g}&i;ﬂ PR A«fp,&]@ V*PEIF‘? %iam[& ’i-ﬁ_5”1 g F-v ;;v\)\ﬁy‘ ENzE]
X %o A gE LA 47 hﬂ(gmﬁgdﬂz 24 ) E—jfj\;‘;xpﬁ,u}n ’i:;v\)»il
(TPI> /%) o+ EmEgtd (IDW- # 5 ) Hizfpoeg o 2% fpx el
P A EFRIVE p0.05e %% D5 F 232 ARV R R
i 103 PRBEARE A4 0 T E#L 5352151 ¥ 0 51.0%* 91 4
¢4 385%~3%4p29.6%‘975-:4[?23.6%~$ii4a'3v?’£ﬁﬂ$8.4%°
2 .%Lﬁfm&'ri'm&:@ B e TPL 4 %)% 58.9+18.4 5./ {r 53.6x19.4 =/
TodpmEitt BBt E o EE AR E R ER L 0 TPLIDW (/-
S./p ) Apin e Bk kF 0 TPL 5 MAC ~ cAMA v MAMC 4p X > 48 £ i 4c 4
5] 4 10372 ~ 0337 v 0.351 (p<0.001) - TPI-IDW ~ 5 MAC ~ cAMA Ar
MAMC 48X > 4p X i de4 %)% 2 0.304 ~ 0.202 §= 0.200 (p<0.001) > 2 & TPI
it h A pEikE Hyaep f R HEck g AR XM e X E R A TR
MAC ~ cAMA {r MAMC 5 i & .%Lifm&'riw&:@ REHTPIFRG X > 2 ¥
WA TEE R E 0 TPEIDW § X o %36 1 By FHr B L9715 £ 5 F
vep s X o TPIbRE v 4 BB € R * T RV %Jﬁ °

AR WA S AFE G F o THARR S RERS - FRPR



