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AbstrACt
Objective To investigate the association between mid-
upper arm circumference (MUAC), calf circumference (CC) 
and all-cause mortality in a Chinese population.
Design Prospective cohort study.
setting Eight long-term care facilities in central Taiwan.
Participants A total of 329 residents age 60 years and 
older (median 79.0 years, range 60–101; 139 men, 190 
women) were enrolled.
Methods Anthropometrics and metabolic parameters 
were measured at the time of enrolment to the study. 
Mean MUAC and CC were 24.2±3.4 cm and 27.5±4.3 cm, 
respectively. Mortality data were obtained from the 
Department of Health in Taiwan.
Main outcome measure To identify the association 
between all-cause mortality and MUAC or CC.
results There were 255 deaths during the 7-year follow-
up period. After adjusting for age, sex, cigarette smoking, 
betel nut chewing, alcohol use, Karnofsky Performance 
Status Scale score, serum albumin level, hypertension and 
diabetes mellitus, subjects in the highest tertile of MUAC 
(27.8±2.2 cm) and CC (32.1±2.6 cm) had a significantly 
lower mortality rate than did subjects in the lowest tertile 
(MUAC 20.6±1.7 cm; CC 22.8±1.9 cm). The adjusted HR 
for all-cause mortality in the highest versus lowest MUAC 
tertile was 0.64 (95% CI 0.45 to 0.90). The adjusted HR for 
all-cause mortality in the highest versus lowest CC tertile 
was 0.51 (95% CI 0.35 to 0.74).
Conclusions MUAC and CC are negative predictors for 
all-cause mortality in older Chinese adults living in long-
term care facilities. Participants with higher MUAC and CC 
had lower all-cause mortality.

IntrODuCtIOn  
According to the WHO, both the number 
and proportion of the older adult population, 
defined as age 60 years and older, are growing in 
virtually all countries, and this worldwide trend 
is likely to continue unabated. It is estimated 
that by 2025, the size of the older adult popula-
tion worldwide will reach more than 1.2 billion.1 
The growing proportion of older adults leads to 
the growing demand for long-term care.2 

Previous studies have reported a U-shaped 
association between body mass index (BMI) 
and all-cause mortality, revealing a higher 
BMI may be associated with lower all-cause 
mortality in the older adult.3 4 The relation-
ship between waist circumference (WC) and 
all-cause mortality seems to be debatable. 
Our previous study found that BMI and WC 
were both negative predictors for all-cause 
mortality in older Chinese adults living in 
long-term care facilities, while a recent Austra-
lian study concluded a positive correlation 
between WC and all-cause mortality.4 5 Unfor-
tunately, due to practical limitations, BMI is 
not commonly used in the older population.6 
For frail and ill elders, an individual’s height 
and weight are often inaccurate and difficult 
to measure. Alternatively, mid-upper arm 
circumference (MUAC)7–9 and calf circum-
ference (CC)10–12 are more often used in geri-
atric health measurement scales as these are 
easier anthropometric indicators to obtain. A 
previous study found that low MUAC and low 
CC can effectively predict follow-up mortality 

strengths and limitations of this study

 ► This prospective cohort study included eight long-
term care facilities in central Taiwan to investigate 
the association of mid-upper arm circumference 
(MUAC), calf circumference (CC) and all-cause 
mortality.

 ► The study is based on a nationally representative 
sample with a relatively large sample size; thus, the 
results from our analysis should be generalisable to 
the Chinese population as a whole.

 ► However, since the participants were residents of 
long-term care facilities, caution should be used 
when generalising the results to the communi-
ty-dwelling population, indigenous Taiwanese or the 
rural population.

http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2017-020485
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risk in community-based Chinese older adults aged 65–74 
years.13

Therefore, the aim of this study was to respectively 
evaluate the relationship between MUAC and CC and 
all-cause mortality in an older (≥60 years) Chinese popu-
lation living in long-term care facilities in Taiwan.

MethODs
study subjects
In this prospective cohort study, the target population was 
residents of eight long-term care facilities with the affil-
iation to China Medical University Hospital, the largest 
tertiary medical centre in central Taiwan. Long-term 
care facilities provide a variety of services, both medical 
and personal care to people who are unable to manage 
independently in the community and offer residents 
24 hours care from nurses with regular physician visits. 
The location and size of these long-term care facilities 
loosely correspond to population density in Taiwan, with 
more, larger facilities near urban centres, and fewer, 
smaller facilities in rural areas. Characteristics of resi-
dents in the facilities are generally representative of the 
surrounding population as a whole. Thus, our cohort is 
likely a nationally representative sample. Enrolment took 
place in 2002–2003. Deaths were ascertained using a data-
base linked to the Taiwanese National Death Registry by 
individual identification number. All deaths occurring 
between study entry and December 2009 were included.

Anthropometric index
Trained staff members measured participants’ weight, 
height, MUAC and CC. MUAC was measured at the 
midway point between the olecranon process of the 
ulna and the acromion process of the scapula. CC was 
measured as the maximum horizontal distance around 
the left calf as the subject stood upright.14 MUAC and 
CC were divided by sex and into quantitative tertiles 
(MUAC tertiles I–III: <22.9, 22.9–25.6, ≥25.7 cm in men 
and <22.8, 22.8–25.4, ≥25.5 cm in women; CC tertiles I–
III: <26.0, 26.0–29.9, ≥30.0 cm in men and <25.0, 25.0–
28.3, ≥28.4 cm in women).

biomedical markers
The same group of trained staff members measured 
participants’ blood pressure (BP) in the right arm using 
an appropriately sized cuff and a standard mercury sphyg-
momanometer in a seated, resting position. A venous 
blood sample was taken after a 12 hours fast for the 
measurement of serum glucose, albumin and lipid profile 
using a biochemical auto analyzer (Beckman Coulter, 
Fullerton, California, USA) at the Clinical Laboratory of 
China Medical University Hospital.

Questionnaire, diabetes mellitus, hypertension and Karnofsky 
Performance status scale (KPss)
Age, sex, performance status (as KPSS score), lifestyle 
(smoking, betel nut chewing and alcohol consumption), 

nutritional status (as albumin), diabetes mellitus status and 
hypertension status were identified as potential confounders 
to our analysis. To determine the value of these variables 
for each patient, the authors reviewed individual medical 
records and asked study participants to complete a struc-
tured questionnaire. Smoking history was divided into three 
categories—never, former and current smokers. Diabetes 
mellitus was defined as fasting glucose of 126 mg/dL or 
greater, or a history of diabetes mellitus treated with oral 
hypoglycaemic agents or insulin injection. Hypertension 
was defined as systolic blood pressure (BP) of 140 mm Hg 
or greater, diastolic BP of 90 mm Hg or greater or a history 
of hypertension treated with antihypertensive medications. 
The KPSS is an assessment tool used to assist physicians and 
caregivers in evaluating a patient’s ability to perform daily 
activities.15 On a scale of 0–100, where 0 indicates death and 
100 indicates perfect health, a KPSS score less than 60 is 
defined as requiring some assistance.15

statistical analysis
The data were presented as means±SD for continuous vari-
ables. Log transformation was used for variables with signif-
icant deviation from the normal distribution and assessed 
using the Kolmogorov-Smirnov test before further analyses. 
Analysis of variance was used to compare mean values of 
continuous variables across MUAC and CC tertiles. The 
Student’s t-test for unpaired data was used to compare mean 
values between groups as shown in tables 1 and 2. Propor-
tions and categorical variables were presented as percent-
ages and tested using the Χ2 test and the two-tailed Fisher 
exact test when appropriate. Cox proportional hazards 
regression analyses adjusted for potential confounders were 
used to estimate the HRs for all-cause mortality.16 17 We anal-
ysed the HR of all-cause mortality in different subgroups 
(tertiles) of MUAC and CC and compared the adjusted and 
unadjusted HRs. Four models were created for the analysis 
in order to better examine the effects from different risk 
factors based on their individual clinical importance.

Model I: Unadjusted HR.
Model II: HR adjusted for age and sex.
Model III: Model II+HR adjusted for smoking status, 

alcohol use, betel nut chewing and KPSS.
Model IV: Model III+HR adjusted for albumin, hyper-

tension and diabetes.
Kaplan-Meier survival curves based on MUAC and CC 

tertiles were drawn, and log-rank test was used to test the 
significance of the survival differences between tertiles by 
MUAC and CC.

All statistical tests were two-sided at the 0.05 significance 
level. These statistical analyses were performed using the 
PC version of SPSS statistical software V.20.

Patient and public involvement
The development of the research question and outcome 
measures were based on the experiences from providing 
clinical care to older patients and felt the need to examine 
alternative measurements in assessing the association to 
all-cause mortality. Patients who agreed to enrol to the 
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study received standard care which did not differ from 
those who declined to enrol. The recruitment process was 
mentioned in the Study Subject section. The results from 
this study were not disseminated to the study participants 
since the purpose of the study was to examine alternative 
measures in correlation to all-cause mortality.

results
A total of 447 residents lived in the eight long-term 
care facilities. Of these, 393 were of age ≥60 years and 
were invited to participate in the study. Thirty-nine of 
them declined. Of the 354 remaining (156 men and 

198 women), 25 participants did not have appropriately 
recorded data for MUAC or CC. Therefore, 329 subjects 
were retained for our study analysis (139 men, mean age 
76.5±7.6 years; 190 women, mean age 80.0±7.6 years). In 
the 7-year follow-up period, there were 255 deaths and 
the total person years at risk was 1159.13. The baseline 
characteristics of the cohort presented in MUAC and CC 
tertiles are shown in tables 1 and 2. The higher tertiles of 
MUAC tended to have heavier weight and higher BMI, 
WC, CC, total cholesterol, triglycerides, albumin, KPSS 
score and prevalence of diabetes mellitus, but younger 
age and lower high-density lipoprotein cholesterol. The 

Table 1 Cohort characteristics according to mid-upper arm circumference (MUAC) tertiles

Characteristics

MUAC tertile

P valuesI (n=109) II (n=110) III (n=110)

Male, n (%) 46 (42.2) 46 (41.8) 47 (42.7) 0.991

Age, year 81.4±7.2 78.0±7.9 76.3±7.6 <0.001

Height, cm 151.8±7.4 152.1±8.1 154.1±7.9 0.069

Weight, kg 42.4±6.9 51.0±9.0 59.2±9.8 <0.001

BMI, kg/m2 18.4±3.1 22.0±3.5 24.9±3.5 <0.001

Resting energy expenditure, kcal/d 930.3±151.0 1061.5±188.3 1190.1±196.0 <0.001

Waist circumference, cm 74.4±6.8 82.5±8.6 90.6±9.8 <0.001

Mid-upper arm circumference, cm 20.6±1.7 24.1±0.8 27.8±2.2 <0.001

Calf circumference, cm 24.1±2.9 27.8±3.3 30.5±4.0 <0.001

Systolic BP, mm Hg 123.7±13.9 124.3±15.1 126.4±14.6 0.348

Diastolic BP, mm Hg 73.6±9.7 74.8±11.6 75.9±10.9 0.279

Total cholesterol, mg/dL 174.1±43.5 167.5±40.4 185.7±41.1 0.005

Triglycerides, ng/dL 86.8±61.1 103.5±65.0 149.2±306.4 0.036

High-density lipoprotein cholesterol 56.8±15.3 50.4±13.3 49.4±10.9 <0.001

Albumin, g/dL 3.04±0.47 3.23±0.40 3.34±0.42 <0.001

Karnofsky Performance Status Scale score >60%, n 
(%)

13 (12.4) 22 (20.6) 33 (29.5) 0.008

Diabetes mellitus, n (%) 17 (15.6) 40 (37.0) 44 (39.3) <0.001

Hypertension, n (%) 55 (50.5) 67 (62.0) 70 (62.5) 0.123

Smoking, n (%) 0.187 

  Current 1 (1.0) 3 (2.8) 4 (3.6)

  Former 10 (9.5) 20 (18.7) 19 (17.0)

  Never 94 (89.5) 84 (78.5) 89 (79.5)

Betel nut, n (%) 0.158 

  Current 0 (0) 1 (0.9) 1 (0.9)

  Former 1 (0.9) 4 (3.7) 7 (6.3)

  Never 104 (99.1) 102 (95.3) 104 (93.0)

Alcohol, n (%) 0.272 

  Current 1 (0.9) 1 (0.9) 2 (1.8)

  Former 5 (4.7) 13 (12.1) 12 (10.7) 

  Never 99 (94.3) 93 (86.9) 98 (87.5)

The Pearson Χ2 test was used for categorical data.
Analysis of variance was used for comparing mean values of continuous variables between groups.
Statistics were tested using log-transformed values.
BP, blood pressure.
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higher tertiles of CC tended to weigh more and have 
higher BMI, WC, MUAC, total cholesterol, triglycerides, 
albumin, KPSS score, prevalence of DM, smoking and 
betel nut chewing, but younger age.

We analysed the HR of all-cause mortality in different 
subgroups (tertiles) of MUAC and CC and compared the 
adjusted and unadjusted HRs. All four models demon-
strated highest mortality in the lowest tertiles of MUAC 
and CC (with and without adjustment for confounders) 
(table 3). We also performed a test for MUAC and CC 
interaction with age in model II (adjusted for age and 
sex), and the results were not statistically significant (age 

and MUAC, p=0.4489; age and CC, p=0.4685). Thus, age 
was not an effect modifier of mortality in our study.

Using Cox proportional hazards regression analyses, 
we found that the unadjusted HRs for all-cause mortality 
were significantly lower in the highest MUAC and CC 
tertiles (both p<0.05, table 3). The adjusted HRs for 
all-cause mortality were significantly lower in the highest 
tertile of MUAC and CC than in the lowest tertile (all 
p<0.05, table 3). Using the lowest tertile of MUAC and 
CC as baseline for comparison, the adjusted HRs of the 
highest tertile of MUAC and CC are 0.64 (95% CI 0.45 
to 0.90) and 0.51 (95% CI 0.35 to 0.74), respectively 

Table 2 Cohort characteristics according to calf circumference (CC) tertiles

Characteristics

CC tertile

P values I (n=105) II (n=117) III (n=107)

Male, n (%) 45 (42.9) 50 (42.7) 44 (41.1) 0.959

Age, year 80.3±8.0 79.2±7.3 76.3±7.6 <0.001

Height, cm 151.6±7.8 152.2±7.3 154.3±8.2 0.030

Weight, kg 42.2±7.3 50.5±8.0 60.3±9.4 <0.001

BMI, kg/m2 18.4±3.2 21.4±3.0 25.2±3.6 <0.001

Resting energy expenditure, kcal/d 931.3±158.7 1045.2±176.7 1205.6±192.7 <0.001

Waist circumference, cm 75.5±8.5 81.4±8.0 90.7±10.0 <0.001

Mid-upper arm circumference, cm 21.6±2.8 24.1±2.3 26.7±3.0 <0.001

Calf circumference, cm 22.8±1.9 27.0±1.3 32.1±2.6 <0.001

Systolic BP, mm Hg 124.8±13.8 123.5±14.3 126.2±15.4 0.386

Diastolic BP, mm Hg 74.4±11.1 74.2±9.0 75.8±12.2 0.479

Total cholesterol, mg/dL 170.0±41.2 173.0±41.7 184.7±42.7 0.026

Triglycerides, ng/dL 90.0±53.9 101.8±76.1 149.1±310.7 0.048

High-density lipoprotein cholesterol 53.3±15.0 53.5±14.5 49.6±10.7 0.058

Albumin, g/dL 2.96±0.45 3.25±0.39 3.40±0.39 <0.001

Karnofsky Performance Status Scale score >60%, n 
(%)

5 (5.0) 17 (16.0) 46 (39.3) <0.001

Diabetes mellitus, n (%) 18 (17.1) 39 (36.5) 44 (37.6) 0.001

Hypertension, n (%) 58 (55.2) 61 (57.0) 73 (62.4) 0.526

Smoking, n (%) 0.016 

  Current 0 (0) 4 (3.8) 4 (3.4)

  Former 12 (11.9) 11 (10.4) 26 (22.2)

  Never 89 (88.1) 91 (85.9) 87 (74.4)

Betel nut, n (%) 0.017 

  Current 0 (0) 0 (0) 2 (1.7)

  Former 2 (2.0) 1 (0.9) 9 (7.7)

  Never 99 (98.0) 105 (99.1) 106 (90.6)

Alcohol, n (%) 0.150 

  Current 0 (0) 2 (1.9) 2 (1.7)

  Former 6 (6.0) 8 (7.6) 16 (13.7)

  Never 95 (94.0) 96 (90.6) 99 (84.6)

The Pearson Χ2  test was used for categorical data.
Analysis of variance was used for comparing mean values of continuous variables between groups.
Statistics were tested using log-transformed values.
BP, blood pressure.
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(table 3, model IV). The survival curves reveal that higher 
MUAC and CC are associated with increased survival, 
with log-rank test p=0.0036 and p=0.0160, respectively 
(figure 1).

DIsCussIOn
Our study shows that MUAC and CC are inversely related 
to all-cause mortality in an older Chinese population 
living in long-term care facilities in Taiwan. This is a 
prospective cohort study based on a nationally representa-
tive sample. Thus, we believe the results from our analysis 
may be generalisable to the entire Chinese population. In 
this ageing society, the number of residents living in long-
term care facilities is also growing; thus, these findings 

may also play an increasingly important role in healthcare 
policies regarding institutionalised elders.

Previous studies have shown that risk factors related to 
mortality differ in the elder population versus the middle 
aged or younger populations.18 19 While in the younger 
population, chronic diseases play a more important role 
in mortality, functional and nutritional status are more 
closely related to the survival of elders.3 Older adults 
with malnutrition experience poorer health and higher 
mortality.20 21

BMI has long been used to assess nutritional status and 
frailty, and there is strong evidence to suggest that lower 
BMI is correlated with higher mortality risk in the elder 
population.22–26 A previous study by Lin and colleagues 
based on the same patient cohort used in our analysis 

Table 3 Risks of all-cause mortality according to MUAC and CC tertiles using Cox proportional hazards regression analyses

Tertile (n)
Deaths 
(n)

7-year mortality rate per 
1000 person-years

All-cause mortality HR (95% CI)

Model I Model II Model III Model IV

MUAC†

  I 96 329.52 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

  II 84 206.91 0.62 (0.46 to 0.83)** 0.66 (0.49 to 0.90)** 0.74 (0.54 to 1.00) 0.74 (0.54 to 1.02)

  III 75 162.40 0.48 (0.35 to 0.65)** 0.55 (0.40–0.75)** 0.61 (0.44–0.85)** 0.64 (0.45–0.90)*

CC‡

  I 94 359.31 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

  II 81 205.91 0.55 (0.41 to 0.75)** 0.56 (0.42–0.76)** 0.59 (0.43–0.80)** 0.62 (0.45–0.86)**

  III 80 158.68 0.42 (0.31 to 0.57)** 0.46 (0.34–0.62)** 0.49 (0.34–0.70)** 0.51 (0.35–0.74)**

Model I: unadjusted.
Model II: adjusted for age and sex.
Model III: Model II+adjusted for smoking, alcohol, betel nut and Karnofsky Performance Status Scale.
Model IV: Model III+adjusted for albumin, hypertension and diabetes mellitus.
*P<0.05; **P<0.01.
†MUAC was divided by sex and into quantitative tertiles: <22.9, 22.9–25.6, ≥25.7 cm in men; <22.8, 22.8–25.4, ≥25.5 cm in women.
‡CC was divided by sex and into quantitative tertiles: <26.0, 26.0–29.9, ≥30.0 cm in men; <25.0, 25.0–28.3, ≥28.4 cm in women.
CC, calf circumference; MUAC, mid-upper arm circumference. 

Figure 1 Kaplan-Meier survival curves based on different mid-upper arm circumference (MUAC) and calf circumference 
(CC) tertiles. Left figure shows the association between MUAC tertiles and risk of all-cause mortality. Right figure shows the 
association between CC tertiles and risk of all-cause mortality.
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demonstrated a similar relationship between BMI and 
mortality.5 However, it is often difficult to accurately 
measure the height and weight of frail elders due to defor-
mity or disability of the subjects and limited resources of 
the researchers.19

Measuring MUAC and CC are easier and more cost-effec-
tive than measuring height and weight in the older popu-
lation, and several studies have been done comparing the 
use of MUAC and CC versus BMI in predicting mortality in 
the elderly. Many of them have shown that MUAC can be 
a reliable (if not better) alternative to BMI in predicting 
mortality.5 27–33 Wijnhoven et al found that low MUAC is a 
stronger predictor for mortality than BMI and CC.31 Also, 
a recent study by Mramba et al published in 2017 showed 
that MUAC performs better than BMI among school age 
children.34 A study analysing community-dwelling older 
adults in Japan found that MUAC was an independent 
risk factor for 2-year mortality.35 A British study of adults 
age 65 years and over showed a 15% reduction in all-cause 
mortality in 15-year follow-up with every 3.3 cm increase 
in MUAC.36 A Dutch study concluded a HR of mortality 
of 1.79 (95% CI 1.48 to 2.16) per 1 SD decrease in MUAC 
in men and HR of mortality of 2.26 (95% CI 1.71 to 3.00) 
per 1 SD decrease in MUAC in women.31

Similarly, several studies have been done comparing 
calf circumference (CC) and nutritional status or 
mortality. Portero-McLellan et al, as well as several other 
authors, demonstrated a positive correlation between 
CC and nutritional status and suggested the potential 
usefulness of CC in assessing nutritional status.37 38 Lin 
and colleagues found decreased CC to be the most signif-
icant marker of malnutrition in elders age 65 years and 
above.39 Our study and other previous studies showed a 
significant positive correlation between CC and serum 
albumin level as well as MUAC and serum albumin level. 
Serum albumin level is often used to determine current 
nutritional status. We can conclude that both MUAC and 
CC are positively correlated with nutritional status and, 
like BMI, may be useful markers for assessing mortality 
risk.

Consistent with numerous previous studies, our 
research on a Chinese population in Taiwan shows 
that lower MUAC and CC are correlated with higher 
mortality.31 Most of the earlier studies looking at the rela-
tionship between MUAC and CC and mortality were done 
in European, African and South Asian populations; thus, 
our Chinese-based prospective cohort study can serve to 
further strengthen the evidence for use of MUAC and CC 
in predicting mortality in the elder population.

limitations
Our study included two major limitations. First, this 
study was confined to residents of long-term care facil-
ities; thus, generalisation of our results to the commu-
nity-dwelling population, indigenous Taiwanese or the 
rural population, for example, should be made with 
caution. Second, we have attempted to adjust our results 
for several confounders including age, sex, cigarette 

smoking, alcohol use, betel nut chewing, KPSS score, 
albumin level, HTN and DM. However, there may 
certainly be additional confounding variables we have 
not identified here.

COnClusIOn
Our study showed that both MUAC and CC are inversely 
associated with all-cause mortality in older adults living in 
long-term care facilities in Taiwan. The findings may have 
significant public health implications as the number of 
institutionalised older adults is steadily increasing in most 
developed countries. Clinicians and healthcare providers 
should regularly screen these elder residents using MUAC 
and CC if BMI cannot be obtained accurately. Further 
studies evaluating the community-dwelling population, 
indigenous Taiwanese and/or the rural population 
should be conducted to verify our findings and confirm 
the generalisability of our results.
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