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Aim: Calf circumference, which is a known simple indicator of muscle mass, increases dur-
ing edema. However, the extent to which edema increases calf circumference in older adults
is unclear.

Methods: This retrospective cross-sectional study included patients aged ≥65 years whose
nutritional status was assessed by nutrition support teams. Two different types of matching
models in each sex were created according to the presence of edema on the right lower limb.
All models were adjusted by age, body height, handgrip strength and performance status. Sar-
copenia was diagnosed based on both reduced calf circumference and decline of handgrip
strength. The prevalence of sarcopenia was estimated before and after adjustment for incre-
ment of calf circumference.

Results: In total, 2101 patients were included. Multifactor matching models showed that
the mean difference in calf circumference between pairs was 1.6 cm (95% confidence interval
[CI] 1.1–2.1, P < 0.001) for women and 2.1 cm (95% CI 1.6–2.7, P < 0.001) for men. The pro-
pensity score matching model similarly showed a mean difference of 1.6 cm (95% CI 1.1–2.1,
P < 0.001) for women and 2.0 cm (95% CI 1.5–2.6, P < 0.001) for men. The prevalence of sar-
copenia before and after adjusting for an edema-related increase in calf circumference was
42.6%/48.6% for women and 35.3%/38.5%–38.7% for men.

Conclusions: Edema in the lower limb increased the calf circumference by approximately
2 cm. When using calf circumference to assess muscle mass in patients with edema, the
increase in circumference should be subtracted from the baseline circumference for an accu-
rate assessment. Geriatr Gerontol Int 2019; ••: ••–••.
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Introduction

Aging is associated with nutritional deterioration,1 and malnu-
trition in hospitalized patients results in poor outcomes, such as
extended hospital stay,2 in-hospital complications,3 failure to
return home,4 increased frequency of re-admission2 and mor-
tality.2 Furthermore, malnutrition also leads to increased medi-
cal costs. In Singapore, the care of malnourished inpatients cost
24% more than non-malnourished inpatients,2 and the man-
agement of disease-related malnutrition in the UK cost >£13 bil-
lion.5 Nutritional care for inpatients is considered an effective
approach for lowering healthcare costs and improving out-
comes. Nutritional screening, assessment and consequent care
for patients at risk of malnutrition improve the length of hospi-
tal stay, frequency of re-admission and mortality.6 Therefore,
nutritional screening and assessment to identify patients at risk

of malnutrition or are malnourished would be the first vital step
for nutritional care.

Evaluating muscle mass is emphasized in nutritional screen-
ing and assessment.7 Decreased muscle mass was included in
the six-item criteria for diagnosing malnutrition published by the
American Society for Parenteral and Enteral Nutrition in 2009.8

Another criteria for malnutrition proposed by the Global Lead-
ership Initiative on Malnutrition in 2018 also included decreased
muscle mass as one of the five items for diagnosing malnutri-
tion.9 Furthermore, sarcopenia, one of the most highlighted
topics in geriatric nutrition, is suggested to occur with decreased
muscle mass.10,11 Imaging modalities, such as computed tomog-
raphy, magnetic resonance imaging and dual energy X-ray
absorptiometry, are considered the gold standard for evaluating
muscle mass.10 However, patients at risk of malnutrition are
usually ineligible to undergo such tests, because these tests are
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potentially harmful. Furthermore, bioimpedance analysis is
another candidate approach to measure muscle mass;10 however,
although it is less invasive and some types of bioimpedance anal-
ysis instruments are mobile, the device is also too expensive for
general hospitals. Furthermore, hospitals and other healthcare
facilities can only accommodate a certain number of malnour-
ished older adults. Meanwhile, anthropometry including calf cir-
cumference is known to reflect muscle mass without being
invasive, and it can be easily and quickly measured at the bed-
side. Calf circumference has been proven to be positively corre-
lated to skeletal muscle mass, and might thus be a potential
indicator of decreased muscle mass in clinical practice as an
alternative to imaging modalities and bioimpedance analysis.12,13

However, although calf circumference has been endorsed in as a
reliable indicator for evaluating muscle mass,8,9,14 its use
remains controversial.10

Edema can develop from malnutrition, and renal, hepatic and
cardiac diseases, and as a side-effect of medications that increase
fluid accumulation in the body;15,16 thus, edema can increase calf
circumference. Despite the convenience of using calf circumfer-
ence for measuring muscle mass, only a few studies have investi-
gated the extent by which edema of the lower extremities
increases calf circumference. Thus, the present study aimed to
determine the difference in calf circumference between patients
with and without edema of the lower extremities.

Methods

Study design and participants

The present retrospective cross-sectional study evaluated patients
aged ≥65 years who were admitted to an academic hospital and
underwent a nutrition assessment by nutrition support teams
between December 2017 and August 2018. Patients with missing
data on body height, handgrip strength, edema evaluation or calf
circumference were excluded from the analyses. The study was
approved by the ethics committee of the hospital (ID:
2018-H325), and the need for written informed consent was
waived owing to the retrospective nature of the study. Participants
were guaranteed the right to withdraw from the study using an
opt-out procedure according to the ethics committee guidelines.

Variables

Trained nurses assessed the nutritional status of all patients on
admission using the Mini Nutritional Assessment-Short Form
tool.17 The Nutritional Assessment-Short Form is a six-item tool
(changes in food intake, weight loss, mobility, disease-related
stress, neuropsychological problems and body mass index [BMI])
that can be used to identify older patients at risk of malnutrition.
The score ranges from 0 to 14 points, with a higher score indicat-
ing a lower risk of malnutrition. In the present study, we defined a
risk of malnutrition as a score of ≤11 points. The Geriatric Nutri-
tional Risk Index, which is also an indicator of the risk of malnu-
trition, was calculated using the following equation:18

TheGeriatric Nutritional Risk Index = 1:489× albumin level g=L
� �� �

+41:7× actual body weight kg
� �

=ideal bodyweight kg
� �� �

A low Geriatric Nutritional Risk Index indicates a risk of
malnutrition.

The ideal bodyweight was estimated using the Lorentz equa-
tion as follows:

Men: ideal bodyweight = height [cm] – 100 − [(height
[cm] − 150) / 4]

Women: ideal bodyweight = height [cm] – 100 − [(height [cm]
− 150) / 2.5])

Nutritional assessment included measurement of calf circum-
ference of the right leg, edema evaluation and measurement of
handgrip strength. Calf circumference was measured with the

patient in a supine position with the right leg bent at 90�, and the
thickest part of the right calf was measured. The measurement of
only the right-side calf circumference is a routine protocol in our
hospital, Aichi Medical University Hospital, Nagakute, Japan. The
presence of pitting edema in the right ankle or shin was assessed.
Handgrip strength was measured using a Jamar digital handgrip
gauge (MG-4800 digital hand grip gauge; CHARDER Electronic,
Taichung, Taiwan). The grip strength of both the left and right
hands was measured with the patient in a normal sitting position
with the elbow bent at 90�, and the maximum value of the left and
right hand obtained was used for analyses.

The primary cause of hospitalization was determined based on
the physicians’ diagnosis on admission, and coded on the medical
chart of each patient according to the International Statistical Classifi-
cation of Diseases and Related Health Problems version 10 (ICD-10).

Diagnosis of malnutrition

The diagnosis of malnutrition was made by the nutritional sup-
port teams based on the 2015 European Society for Clinical
Nutrition and Metabolism criteria.19 The European Society for
Clinical Nutrition and Metabolism-defined malnutrition is diag-
nosed in two steps. The first step is screening patients at risk of
malnutrition using a validated nutritional screening tool. In the
present study, we applied the Nutritional Assessment-Short Form
as the screening tool. Consequently, screened patients were
assessed if they satisfied at least one of the following criteria:
(i) BMI <18.5 kg/m2; (ii) unintentional weight loss >5% over the
past 3–6 months combined with BMI <20 kg/m2 if age <70 years
or <22.0 kg/m2 if age ≥70 years; and (iii) unintentional weight loss
combined with fat-free mass index <15.0 kg/m2 for women
or <17.0 kg/m2 for men. The fat-free mass index was calculated by
dividing the patient’s estimated fat-free mass by the patient’s
height in meters squared (m2).20,21 Fat-free mass was obtained
using the following formula that includes the estimated 24-h urine
creatinine excretion rate (eCER): fat-free mass = 13.0
+ 0.03 × eCER; eCER (mg/day) = 879.89 + 12.51 × weight (kg)
− 6.19 × age (−379.42 if women).

Sarcopenia diagnosis

Sarcopenia was diagnosed according to the criteria of the Asian
Working Group for Sarcopenia combined with low muscle
strength and low muscle mass.11 Low muscle strength was defined
as handgrip strength <18 kg for women and <26 kg for men. The
cut-off value for low calf circumference, the validity for which has
been verified for hospitalized older adults as decreased muscle
mass, was set at ≤29 cm and ≤30 cm for women and men,
respectively.22

Statistical analysis

The influence of edema was assessed using two different types of
case and control matching (multifactor matching and propensity
score matching) to verify consistency of the results. The matching
models were made under 1:1 matching with and without edema
of the lower limb. Multifactor exact matching models were created
according to age, body height, handgrip strength and Eastern
Cooperative Oncology Group Performance Status score with cali-
pers 2 years, 5 cm, 2 kg and zero, respectively, for each sex. Pro-
pensity score matching models were created by estimated
probability of edema in each sex. The probability was calculated
using logistic regression models with age, height, grip strength
and Eastern Cooperative Oncology Group Performance Status as
explanatory variables, and matching with and without edema of
the lower limbs was carried out using the score under the caliper
of <0.2 condition. Because we considered that nutritional parame-
ters, such as BMI, screening score, and disease type and condition,
were strongly associated with edema, we avoided using the infor-
mation as matching variables.
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Categorical variables were expressed as the number and
percentage, and quantitative variables as the mean � standard
deviation. Between-group comparisons were carried out using the
χ2-test and t-test for categorical variables and quantitative vari-
ables, respectively. The prevalence of sarcopenia before and after
adjusting for the increment value was analyzed by McNemar’s χ2-
test. The differences in the mean calf circumference between
groups and mean differences between pairs were obtained in each
model, and were compared using the t-test and paired t-test,
respectively. All statistical analyses were carried out using SPSS 24.0
software (IBM Japan, Tokyo, Japan), and P-values <0.05 were
considered significant.

Results

Of the 2524 eligible patients identified, we excluded 423 patients
because they had missing data on height (n = 2), handgrip
strength (n = 44), edema evaluation (n = 40) and calf circumfer-
ence (n = 337). Thus, the final cohort comprised 2101 patients.
The mean patient age was 79.3 � 7.2 years and 77.7 � 6.8 years
for women and men, respectively, and 923 (43.9%) were women.
Based on the ICD-10, the primary causes of admission for
women were neoplasms (26.4%), diseases of the circulatory sys-
tem (16.1%), diseases of the digestive system (14.4%), diseases
of the respiratory system (9.3%) and diseases of the musculo-
skeletal system (4.7%), whereas the primary causes of admission
for men were neoplasms (27.1%), diseases of the circulatory sys-
tem (18.4%), diseases of the respiratory system (13.3%), diseases
of the digestive system (13.1%) and diseases of the genitourinary
system (4.7%). The creation of four matching models (two
models in each sex) worked well. No significant differences were
seen for the factors adjusted for matching between groups
(Tables 1, 2). Table 3 shows other variables between groups. In
the multifactor matching models, the edema group showed

heavier weight, higher fat-free mass index, and lower prevalence
of malnutrition and sarcopenia than the non-edema group. Sim-
ilar results were obtained for propensity score matching models.

Table 4 shows the comparison of calf circumference between
the edema and non-edema group. In the multifactor matching
models, the mean difference of calf circumference between pairs
was 1.6 cm (95% confidence interval [CI] 1.1–2.1, P < 0.001) for
women and 2.1 cm (95% CI 1.6–2.7, P < 0.001) for men. In the
propensity score matching models, the mean difference in calf cir-
cumference between pairs was 1.6 cm (95% CI 1.1–2.1, P < 0.001)
for women and 2.0 cm (95% CI 1.5–2.6, P < 0.001) for men.

Table 5 shows the prevalence of sarcopenia of all participants
before and after adjusting for the increase in calf circumference in
decreased muscle mass. After correcting for the effect of edema,
the prevalence of sarcopenia increased by 6.0 points for women
and by 3.2–3.4 points for men.

Discussion

The present study investigated the extent by which lower extrem-
ity edema increases calf circumference in older patients. Primarily,
we found that the calf circumference of male and female patients
with lower extremity edema increased by 1.6 cm and 2.0–2.1 cm,
respectively, than their counterparts without edema. Second, the
prevalence of sarcopenia in patients with edema was overestimated
by approximately 10% if the influence of edema was not
considered.

The differences in calf circumference were determined using
two types of matching models in each sex, with adjustment for
age, body height, handgrip strength and performance status
between patients with and without pitting edema in the lower
extremity. The mean differences of matched pairs of different
two models were similar in women, and were 0.1 cm in men.
Shi et al. reported that subcutaneous posterior soft-tissue

Table 1 Balance of matched variables in crude and after matching of female patients

Crude After multi-factor matching After propensity score matching

Edema
(n = 336)

Non-edema
(n = 587)

P Edema
(n = 254)

Non-edema
(n = 254)

P Edema
(n = 336)

Non-edema
(n = 336)

P

Age (years) 79.7 � 6.9 79.0 � 7.4 0.168 79.1 � 6.7 80.0 � 6.5 0.127 79.7 � 6.9 79.2 � 7.2 0.389
Body height (cm) 149.8 � 5.5 150.1 � 6.8 0.453 150.0 � 5.3 149.9 � 5.5 0.939 150.0 � 5.5 149.9 � 6.7 0.859
Handgrip strength (kg) 13.3 � 5.3 14.0 � 6.1 0.073 14.0 � 5.1 13.9 � 5.1 0.939 14.0 � 5.1 13.9 � 5.1 0.577
Performance status, n (%) 0.039 1.000 0.827
0 117 (34.8) 243 (41.4) 104 (40.9) 104 (40.9) 117 (34.8) 111 (33.0)
1 106 (31.5) 157 (26.7) 83 (32.7) 83 (32.7) 106 (31.5) 103 (30.7)
2 31 (9.2) 46 (7.8) 15 (5.9) 15 (5.9) 31 (9.2) 40 (11.9)
3 66 (19.6) 93 (15.8) 45 (17.7) 45 (17.7) 66 (19.6) 68 (20.2)
4 16 (4.8) 48 (8.2) 7 (2.8) 7 (2.8) 16 (4.8) 14 (4.2)

Table 2 Balance of matched variables in crude and after matching of male patients

Crude After multi-factor matching After propensity score matching

Edema (n = 266) Non-edema
(n = 912)

P Edema
(n = 198)

Non-edema
(n = 198)

P Edema
(n = 264)

Non-edema
(n = 264)

P

Age (years) 78.6 � 6.8 77.3 � 6.8 0.009 79.1 � 6.7 80.0 � 6.5 0.166 78.5 � 6.8 78.8 � 6.8 0.598
Body height (cm) 163.8 � 6.7 164.0 � 6.4 0.632 150.0 � 5.3 149.9 � 5.5 0.730 163.8 � 6.8 163.5 � 6.7 0.674
Handgrip strength (kg) 21.8 � 8.8 6.0 � 0.7 <0.001 14.0 � 5.1 13.9 � 5.1 0.975 21.9 � 8.7 22.1 � 5.1 0.829
Performance status, n (%) <0.001 1.000 0.972
0 87 (32.7) 391 (42.9) 104 (40.9) 104 (40.9) 87 (33.0) 82 (31.1)
1 61 (22.9) 232 (25.4) 83 (32.7) 83 (32.7) 61 (23.1) 66 (25.0)
2 39 (14.7) 97 (10.6) 15 (5.9) 15 (5.9) 39 (14.8) 40 (15.2)
3 55 (20.7) 143 (15.7) 45 (17.7) 45 (17.7) 55 (20.8) 52 (19.7)
4 24 (9.0) 49 (5.4) 7 (2.8) 7 (2.8) 22 (8.3) 24 (9.1)

Edema and calf circumference
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edema on the back was associated with increasing
bodyweight.23 The results of the current study demonstrating
that the bodyweight of patients with edema was greater than
that of patients without edema show that the matching methods
were successful. Mittermayr et al. reported that long-term sit-
ting position caused edema in the lower extremities and
increased the leg volume.24 Furthermore, Olsen et al. reported
that sitting for 3 h on a flight increased the calf circumference
by 0.5 cm.25 Although these reports show that edema in the
lower extremities could increase calf circumference, partici-
pants in these studies were younger and healthier than those in
the current study. One study reported that ankle joint angle is
concordant with calf circumference in assessing for muscle
mass, with a standardized error of 0.5–0.6 cm.26 Considering
the size, the measurement error of calf circumference would be
assumed to be <1.0 cm. The increase in calf circumference in
the current study is much greater than the measurement error;
therefore, the increase might be considered to have been
induced by edema. Because the study included older adult inpa-
tients, the results appear to be more reflective of and applicable
to hospitalized patients rather than community-dwelling
individuals.

When the measured calf circumference was subtracted from
the baseline value in patients with edema, the proportion of sar-
copenia patients increased up to 48.4% for women and
38.5–38.7% for men, which corresponded to an increment of
6.0 points and 3.2–3.4 points for women and men, respectively.
This indicates that 10% of the participants with sarcopenia in
the present study were misdiagnosed to have no sarcopenia
when the presence of edema was not factored in. Edema would
result in an overestimation of muscle mass. Therefore, determin-
ing the prevalence of sarcopenia might be relatively accurate
when measurement of muscle mass is adjusted for the influence
of edema. Halil et al. studied older adults in nursing homes, and
reported that the diagnosis of sarcopenia using only calf circum-
ference underestimated the prevalence of sarcopenia defined by
lower muscle strength.27 Their result might indicate that edema
and edema-related increase in bodyweight lower the frequency
of decreased muscle mass. Because calf circumference includes
several kinds of tissues, such as the skin, subcutaneous fat, mus-
cle, vessels and bone, some of which certainly thicken in the
presence of edema, muscle mass as assessed using calf circum-
ference without adjusting for edema is likely to be overestimated.
However, calf circumference is the most reliable parameter of
anthropometry to evaluate muscle mass, even in older adults.28

It is widely used in clinical practice, because it can be obtained at
the bedside, and is economical, convenient and non-invasive.
Patients with edema are possibly malnourished, and assessment
of the presence of lower extremity edema and measurement of
calf circumference for nutritional assessment are usually carried
out concurrently.8 Calf circumference is expected to be used for
muscle mass evaluation in nutritional assessment and sarcopenia
diagnosis effectively in both edema and non-edema cases. How-
ever, for a more accurate assessment, we recommend that in
older patients with edema, the calf circumference should be sub-
tracted against the measured calf circumference. The procedure
might generalize muscle mass value with adjusting for influence
of edema.

There are some limitations to note in the present study.
First, the data of many patients were lost due to a 1:1 matching
model, and this might limit the generalizability of the results.
Second, the study did not evaluate the degree of edema that
probably influenced calf circumference. However, no reliable
method to evaluate the degree of edema has been established.
The impact of the degree of edema will be a future research
topic. Finally, eCER was developed using data from a non-
Asian population, whereas the current study mostly included
Asian patients. There might be differences in eCER according
to ethnicity, and this might lead to underestimations of nutri-
tional status.T
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In conclusion, the present study found that edema of the lower
extremity increased calf circumference by an average of 1.6 cm
and 2.0 cm for women and men, respectively. When using calf cir-
cumference to assess the muscle mass of patients with edema, the
measured value should be subtracted from the baseline calf cir-
cumference to determine the correct muscle mass.
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