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a b s t r a c t

Objectives: There is limited literature on the prevalence and determinants of sarcopenia in the Indian
predialysis chronic kidney disease (CKD) population. The current study attempts to characterize sarco-
penia in CKD stages 3 & 4 using 3-compartment model dual-energy X-ray absorptiometry (DXA).
Methods: This is secondary data from a randomized trial on bicarbonate supplementation for preserving
muscle mass. A 3-compartment DXA was done to assess body composition in 188 subjects aged 18 to 65,
with stable kidney function. Sarcopenia was defined by Asian Working Group criteria - appendicular
skeletal mass index < 5.4 kg/m2 in women and < 7 kg/m2 in men.
Results: Sarcopenia was present in 69.1% (n ¼ 130). There was no difference in the prevalence of sar-
copenia in CKD stage 3 (n ¼ 62; 72.1%) vs CKD stage 4 (n ¼ 68, 66.7%); P ¼ 0.434. A lower body mass
index (BMI) (OR 1.69; 95% CI 1.43, 2.01) and lower bicarbonate levels (OR 1.22; 95% CI 1.02, 1.47), and age
(OR 0.95; 95% CI 0.91, 0.98) was independently associated with the muscle mass. A BMI cut-off of 18
failed to identify sarcopenia in 78.4% (n ¼ 102) subjects (Kappa statistic 0.396). The receiver operating
characteristic curve for mid-arm muscle circumference for identifying sarcopenia was 0.651 (95% CI
0.561, 0.740).
Conclusions: Sarcopenia is highly prevalent in CKD 3 and 4. Sarcopenic individuals are older, with a low
BMI and lower bicarbonate levels. The anthropometric parameters and biochemical parameters did not
help identify sarcopenia in the predialysis population.
© 2021 The Korean Society of Osteoporosis. Publishing services by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Chronic kidney disease (CKD) is associated with alterations in
body composition, which appears ahead of the conventional
markers of protein-energywasting (PEW). CKD resembles a stage of
accelerated ageing, with higher protein catabolic rates, resulting in
relative changes of fat and muscle proportions without appreciable
body weight reductions [1]. Sarcopenia is characterized by a loss of
skeletal musclemass, strength or function. In CKD, sarcopenia is not
necessarily age-related and is highly prevalent in end-stage kidney
disease patients on dialysis [2]. There is only limited literature on
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the prevalence and associations of sarcopenia in predialysis CKD. In
patients with predialysis kidney disease, sarcopenia is associated
with adverse long term outcomes [3,4].

The ideal method for the diagnosis of sarcopenia in patients
with CKD is controversial. A decreased muscle mass is mandatory
for diagnosing sarcopenia, whereas loss of physical function is
considered a marker of its severity [5]. Accurate assessment of
muscle mass in predialysis CKD needs dual-energy X-ray absorp-
tiometry (DXA) or computed tomography [2]. However, previous
studies on body composition inmoderate to severe CKDwere based
on bioimpedance assays (BIA). BIA has limitations in predialysis
CKD owing to the changes in the hydration status. Compared to
DXA, the reliability of BIA is less reliable in states of over and under
hydration [6,7]. The bias with increasing hydration tends to be less
with DXA compared to BIA. There is no published literature on the
prevalence of sarcopenia in the Indian predialysis population. The
current study analysed sarcopenia prevalence and its clinical
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determinants in CKD stages 3 & 4 with a 3-compartment model
DXA.

2. Methods

The datawere collected betweenMay 2015, and November 2016
from subjects enrolled in a clinical trial to test the efficacy of 6
months bicarbonate supplementation on preserving muscle mass
and kidney function. The institute ethics committee approved the
protocol (JIP/IEC/2014/10/475). Informed consent was taken from
the participants. The study enrolled 188 patients of Indian ethnicity
with CKD stages 3 & 4, aged > 18 and < 65 years, with stable renal
function, with a minimum follow up of more than 3 months in the
nephrology outpatient clinics. Patients with decompensated
chronic liver disease, decompensated heart failure, morbid obesity
(BMI � 40 kg/m2), malignancy, chronic infections, bicarbonate
therapy or immunosuppressants were excluded. The sample size
was estimated to be 94 patients in each arm (total 188), with a
mean difference of mid-arm circumference of 0.45 cm between the
groups, with a standard deviation (SD) of 1.1, at 5% a error and 80%
power, accommodating for a 10% loss of follow up. An intention to
treat analysis showed that bicarbonate supplementation for 6
months leads to improvements in lean body mass (assessed by
DXA) without changes in protein intake. The detailed protocol and
results are published elsewhere.8 A thorough assessment of body
composition was done at baseline, and the data is presented in this
study. Demographic, clinical, and anthropometric parameters were
collected at the time of enrollment. Biochemical parameters
included the serum proteins, calcium, phosphorus, lipid profile,
urea, creatinine and uric acid, analysed using a AU 5800 auto-
analyser (Beckmann Coulter Inc, Brea, CA, USA). Venous bicarbon-
ate levels were done with an ABL FLEX blood gas analyser
(Radiometer Medical, Copenhagen, Denmark). A 3-day diet diary
was used to document the nutrition intake. Subjects were
instructed to record all foods and beverages details in the 3 days
preceding the hospital visit. The nitrogen content of each food
taken was converted to protein using the Jones Factor, specific for
each food. When a specific correction factor was not available, a
conversion factor of 6.25 was used.

2.1. Anthropometric data

The anthropometric measurements included body weight,
height, mid-arm circumference, and triceps skinfold thickness
(SFT). Bodyweight was measured to the nearest 0.1 kg on a balance
beam scale with a margin of error of 0.01 kg. Height was measured
to the nearest 0.5 cm, with patients standing erect with the head in
the Frankfort plane. According to standard techniques, the triceps
SFT was measured in the non-dominant arm using Slim Guide Skin
Fold Calliper (Creative Health Products, Ann Arbour, MI, USA). The
mid-arm circumference (MAMC) was measured using a flexible
plastic tape with a graduated scale, at the point halfway between
the acromion of the scapula and the olecranon of the ulna, in a
sitting positionwith the arm relaxed and flexed at 90 degrees, with
tape adjusted to surround the arm and avoiding skin compression.
The average value of 3 consecutive measurements was taken.
MAMC was calculated using Bishop's formula [MAMC ¼ 1⁄4 mid-
arm circumference [0.314 x triceps SFT (mm)]. A single trained
observer performed all measurements.

2.2. Body composition

A DXA scan (Discovery Wi System, Hologic Inc, Bedford, MA,
USA) was used to assess the body composition. A 3-compartment
model was used for estimating whole body fat, LBM, and mineral
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density using the software provided by the manufacturer (QDR
software version 13.4.1; Hologic Inc, Bedford, MA, USA). Patients
were clinically euvolemic at the time of DXA scans. Diuretics were
prescribed for patients who presented with edema, and measure-
ments were done when they were euvolemic. The TNF-a level was
measured by a commercially available ELISA (Quantikine HS human
TNF-a Immunoassay kit, R & D Systems, Minneapolis, MN, USA).

2.3. Definitions

The revised consensus criteria for obesity in Indians were used
for defining obesity and abdominal obesity [9]. According to Indian
guidelines, a BMI of 18e22.9 kg/m2 is normal, 23e24.9 kg/m2 is
considered overweight, and > 25 kg/m 2 is considered obese. An
abdominal circumference higher than 80 cm in females and 90 cm
in males is deemed abdominal obesity. Sarcopenia was defined as
per the Asian Working group criteria - appendicular skeletal mass
index (ASMI) < 5.4 kg/m2 in women and < 7 kg/m2 in men [10].

2.4. Statistical methods

All categorical variables were expressed as percentages;
continuous variables were expressed as the mean with 95% confi-
dence intervals (CI) or median with interquartile range (IQR),
wherever appropriate. Chi-square test and student's t-test were
used to compare categorical and continuous data across the group.
Kappa statistic was used to assess the agreement between different
definitions of obesity. A logistic regression analysis was done to
determine the effect of preselected variables on sarcopenia. P-
values < 0.05 were considered statistically significant. The data
were analysed using the statistical software SPSS, version 27.0 (IBM,
Armonk, NY, USA).

3. Results

The mean age was 50.2 years (95% CI 48.5e51.9). A total of 86
participants (45.7%) had CKD stage 3, and 102 (54.3%) had CKD
stage 4. The predominant aetiology was CKD of unidentified aeti-
ology (52.1%). A total of 22.3% had diabetes mellitus. The clinical
parameters, anthropometric assessment and body composition
across the various CKD stages are given in Table 1.

Sarcopenia was present in 69.1% (n ¼ 130); there was no differ-
ence in the proportion of sarcopenia in CKD 3 (n ¼ 62; 72.1%), and
CKD 4 (n ¼ 68, 66.7%); P ¼ 0.434. The characteristics of those with
and without sarcopenia are compared in Table 2. Those with sarco-
penia had lower MAMC, serum phosphorus levels, more acidosis,
lower lean and fat tissue indices and lower bonemass. The lean body
mass positively correlatedwith the bonemass (r¼ 0.736; P < 0.001).

A logistic regression model was created to assess the effect of
clinical variables like age, gender, glomerular filtration rate, venous
bicarbonate and BMI on the presence of sarcopenia. Age, BMI, eGFR,
and bicarbonate levels were analysed as continuous variables. BMI,
bicarbonate levels and age were independent predictors of sarco-
penia on a multivariate regression (Table 3).

3.1. Utility of anthropometric parameters in identifying sarcopenia

The prevalence of sarcopenia among the various BMI categories
are shown in Fig. 1; (underweight 100%, normal 73.3%, overweight
50% and obese 33.3%). The proportion of overweight and obese
subjects (BMI > 23) were similar between the sarcopenic and non-
sarcopenic groups (Table 2). A BMI cut-off of 18 would fail to
identify sarcopenia in 78.4% (n ¼ 102) subjects with sarcopenia
(Kappa statistic 0.396). Abdominal circumference did not help
identify sarcopenia. The receiver operating characteristic curve for



Table 1
Characteristics of the population according to CKD stage.

Parameter CKD stage 3 (n ¼ 86) CKD 4 (n ¼ 102) P-value

Agea 49.9 (47.5, 52.4) 50.4 (48.2,52.7) 0.776
Gender (male), n % 67 (77.9) 67 (65.7) 0.076
Albumina 4.0 (3.9,4.1) 4.2 (3.7,4.7) 0.443
Cholesterola 176 (167,185) 174.1 (166,184) 0.700
Calciuma 9.1 (8.9,9.2) 9.1 (9.0,9.3) 0.370
Phosphorousa 3.4 (3.2,35) 3.6 (3.4, 3.8) 0.083
Uric acida 5.5 (5.2, 5.9) 6.0 (5.6,6.4) 0.113
Midarm muscle circumferencea 23 (22.5,23.5) 22.7 (22.3,23.1) 0.663
Body mass indexa 21.5 (20.8,22.1) 21.1 (20.5, 21.7) 0.368
Lean Tissue indexa 6.2 (5.6,6.9) 6.3 (5.9,6.8) 0.611
Fat tissue indexa 14.6 (14.1, 14.9) 14.1 (13.7, 14.4) 0.666
Appendicular skeletal mass Index (ASMI)a 6.3 (6.1, 6.5) 6.1 (5.9, 6.3) 0.201

CKD, chronic kidney disease; Lean Tissue Index, lean mass (kg)/height, (m2); fat tissue index, fat mass (kg)/height, (m2); ASMI, appendicular skeletal mass index; appendicular
skeletal mass (kg)/height (m2).

a mean with 95% confidence intervals.

Table 2
Clinical, biochemical, anthropometric parameters and body composition in patients with and without sarcopenia

Parameter Sarcopenia (n ¼ 130) No Sarcopenia (n ¼ 58) P-value

Age > 40, n (%) 111 (85.4) 41 (70.7%) 0.018
Gender (male), n (%) 93 (71.5) 41 (70.7) 1.00
Diabetes mellitus, n (%) 26 (20) 16 (27.6) 0.260
Urea, mg/dLa 54 (51.4, 56.6) 55 (51.2 58.8) 0.627
Glomerular filtration rate, ml/1.73m2/mina 30.3 (28.4, 32.2) 30.5 (27.8, 33.3) 0.901
Albumin, g/dLa 4.0 (3.8, 4.2) 4.0 (3.9, 4.2) 0.594
Cholesterol, mg/dLa 173 (166,180) 180 (169,190) 0.250
Calcium, mg/dLa 9.1 (9.0,9.2) 9.1 (8.9,9.3) 0.965
Phosphorous, mg/dLa 3.4 (3.3,3.5) 3.7 (3.4,4.1) 0.029
Uric acid, mg/dLa 5.8 (5.4,6.1) 5.8 (5.4,6.2) 0.992
Protein intake, g/daya 34.2 (28.8,39.5) 36.6 (28.3,41.8) 0.647
Venous bicarbonate, mEq/La 17.9 (17.5,18.3) 18.6 (18.1,19.1) 0.042
TNF a, pg/mLb,c 22.9 (19.3,32.5) 20.7 (18.5,25.9) 0.221
Anthropometry
Midarm muscle circumference, cma 22.5 (22.1,22.9) 23.6 (23,24.1) 0.001
Abdominal circumference, cma 79 (77.8, 80.2) 80.7 (79.1, 81.3) 0.114
Body weight, kga 51.8 (50.4,53.3) 58.6 (56.7,60.5) < 0.001
Body mass indexa 20.3 (19.8, 20.7) 23.5 (22.8, 24.2) < 0.001
Body mass index > 23, n (%) 49 (37.6) 26 (44.8) 0.223
Body composition
Lean tissue indexa 13.6 (13.4,13.8) 15.8 (15.4,16.2) < 0.001
Fat tissue indexa 5.9 (5.5, 6.3) 7.1 (6.4,7.8) 0.002
Appendicular skeletal mass indexa 5.8 (5.7, 5.9) 7.2 (6.9, 7.4) < 0.001
Bone mineral mass, kgb 1.85 (1.60,2.09) 2.03 (1.62,2.22) 0.044
Visceral adipose tissue mass, gb 422 (231,615) 519 (360,683) 0.029

TNF, tumor necrosis factor.
a mean with 95% confidence intervals.
b median with interquartile range.
c 51 subjects had undetectable TNF a levels; the lowest limit of detection was 15.5 pg/mL.

Table 3
Logistic regression for predictors of muscle mass

Parameter Univariate OR (95% CI) Multivariate OR (95% CI)

Age, yr 0.98 (0.95,1.01) 0.95 (0.91, 0.98)
Gender 0.96 (0.48,1.89) 1.88 (0.76, 4.66)
Glomerular filtration rate, ml/1.73m2/min 1.00 (0.98,1.03) 0.98 (0.95,1.01)
Bicarbonate, mEq/L 1.16 (1.00, 1.37) 1.22 (1.02, 1.47)
Body mass index 1.53 (1.32, 1.77) 1.69 (1.43, 2.01)

OR, odds ratio.
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mid-arm muscle circumference for identifying sarcopenia was
0.651 (95% CI, 0.561, 0.740); Fig. 2. None of the biochemical or
nutritional parameters differed between sarcopenic and non-
sarcopenic individuals.
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4. Discussion

Muscle weakness and loss of muscle strength are common in
CKD. Sarcopenia induces fatigue and physical inactivity, acceler-
ating the functional loss of skeletal muscle, creating a vicious cycle
[11]. Sarcopenia is contributed by multiple factors, including



Fig. 1. Prevalence of sarcopenia among the various BMI categories.

Fig. 2. Receiver operating characteristic curve for midarm muscle circumference and
sarcopenia.
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accumulation of uremic toxins, inflammation, insulin resistance,
malnutrition, divalent ion metabolism disorders, vitamin D defi-
ciency, anemia, metabolic acidosis, hormonal imbalances, and
overzealous protein restriction. Sarcopenia is associated with
increased mortality, a higher prevalence of cardiovascular disease,
and faster CKD progression [4,12,13].

Most of the published literature on sarcopenia is limited to the
elderly population on dialysis. There is only limited literature on
sarcopenia in predialysis CKD. There are considerable variations in
the reported sarcopenia prevalence; the rates vary from 2.6% in
CKD stage 1, progressively increasing with later stages of CKD
[14,15]. A study from Brazil reported sarcopenia in 65.5% of patients
with CKD 3b-5; however, the cohort was 2 decades older than the
present study [15]. A sarcopenia prevalence of 28.1% is reported
from Korea, in a cohort comprising of predominantly elderly in-
dividuals with late CKD stage 3 [16]. Another Brazilian study re-
ported a sarcopenia prevalence of only 5.9% in non-dialysis CKD [4].
The proportion of subjects with sarcopenia in the present study is
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considerably higher compared to the existing literature. The
possible reasons may be ethnic as well as dietary practices. The
staple diet is primarily rice-based with a low intake of high bio-
logical value proteins. The long-term intake of suboptimal diets
may be a contributory factor. Indian ethnicity appears to be asso-
ciated with low muscle mass. There is no published literature on
sarcopenia prevalence in the Indian predialysis population. In a
multicontinental study involving a healthy elderly population,
17.5% of Indians had sarcopenia, a considerably higher figure than
other Asian countries and Europe [17]. Similarly, a hospital-based
study from South India reported a sarcopenia prevalence of 54%
among older adults who underwent imaging for non-malignant
indications [18].

We observed that those with sarcopenia were older, with lower
BMI, with a higher degree of metabolic acidosis. Advanced age is an
established risk factor for sarcopenia [19]. Pro-inflammatory cyto-
kines such as interleukin-1, interleukin-6, and TNFa levels are
elevated in ESRD and contribute to insulin resistance and enhanced
muscle catabolism [20,21]. However, there is a lack of literature on
the direct causative role of these cytokines in predialysis patients.
The current study did not show a relationship between the pro-
inflammatory marker TNF-a and sarcopenia. Also, we found that
the dietary intake of protein was similar between the groups. A
recent study failed to show an association between dietary protein
intake, inflammatory markers and sarcopenia in subjects with CKD
not on dialysis [22]. Mechanisms other than the nutritional intake
may be significant players in the causation of sarcopenia.

Those with sarcopenia were found to have a greater degree of
metabolic acidosis. Metabolic acidosis induces insulin resistance,
enhances mitochondrial stress, and activates multiple downstream
cytokine mediators, leading to enhanced muscle catabolism
[23,24]. Correction of metabolic acidosis was associated with better
preservation of total muscle mass [8]. Also, we observed that those
with sarcopenia had lower bone mineral content. There is only
limited literature on the association between sarcopenia and
osteoporosis in CKD [25,26]. In addition to the mechanical in-
teractions, paracrine interactions also occur between muscle and
bone. Essentially, bone and muscle function as a single functional
unit; changes in 1 compartment may be transmitted to the other
[27].

There was no agreement between BMI and sarcopenia, whereas
a modest relationship was observed with MAMC. The reported
prevalence of sarcopenia in CKD varies based on the operational
definitions. Compared with BIA, a higher prevalence of sarcopenia
is documented with anthropometric methods such as MAMC and
subjective global assessment among older adults with CKD [4,22].
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The agreement between anthropometry and sarcopenia identified
by DXA is often lacking. Similarly, muscle strength based definitions
tend to over diagnose sarcopenia compared to muscle mass based
criteria assessed by DXA and BIA [28]. Application of diagnostic
criteria like the European Working Group on Sarcopenia in Older
People (EWGSOP2) criteria leads to a higher identification rate of
sarcopenia. However, subjective measurements based on muscle
strength were not helpful in the risk stratification of predialysis
CKD patients. On the other hand, muscle mass-based definition
correlated well with long term morbidity and mortality [28,29]. It
appears that functional deficits may precede the changes in muscle
mass, and often the association is nonlinear [19].

This study's strengths include recruiting a stable predialysis
population and standardized measurement techniques for
anthropometry and body composition. However, the protein intake
was based on a diet diary, which is subject to recall bias. We do not
have data on net nitrogen balance. We do not have data on muscle
strength to quantify the magnitude of sarcopenia, which is a major
limitation. The primary endpoint drove the sample size calcula-
tions, ie, the changes in themidarm circumference. A sample size of
173 would be sufficient to identify a sarcopenia prevalence of 69%
(the prevalence rate in the present study) at an alpha error of 0.05
and relative precision of 10%. However, the study may be under-
powered to assess the determinants of sarcopenia.

This is the first report on the prevalence of sarcopenia in pre-
dialysis CKD from India to the best of our knowledge. None of the
biochemical or conventional anthropometric parameters helped
diagnose sarcopenia. The study underscores the need to look into
the prevalence of sarcopenia actively. An early diagnosis of sarco-
penia would aid in the early institution of remedial measures, thus
improving the long-term morbidity and mortality. It appears that
the Indian ethnicity is associated with higher sarcopenia chances,
which may be augmented by concomitant chronic illnesses.
Appropriate dietary counselling should be emphasised to ensure
that the dietary restrictions associated with CKD do not compro-
mise protein intake. We found that acidosis correction improved
the muscle mass, without increments in protein intake [8]. Physical
activity needs to be encouraged, and acidosis needs to be corrected
to prevent loss of muscle mass. Further longitudinal studies are
required to assess the impact of sarcopenia on morbidity and
mortality in Indian patients with CKD.
5. Conclusions

A high proportion of individuals with predialysis CKD have sar-
copenia. A normal BMI does not exclude sarcopenia. Only the MAMC
showed a modest association with sarcopenia. The biochemical
markers do not help identify sarcopenia in moderate to severe CKD.
Acidosis, advanced age and low BMI are predictors of sarcopenia.
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