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Chapter 40

Mid-Upper Arm Anthropometric Measurements
as a Mortality Predictor for Community-Dwelling
Dependent Elderly

Masafumi Kuzuya and Hiromi Enoki

Abstract It remains controversial whether mid-arm anthropometric measurements are reflected with
physical impairment or useful predictors of mortality in the elderly. The inconsistency in terms of
the relationship between mid-arm anthropometric measurements and physical function and mortality
may be due to the difference in study population, i.e., a healthy younger population vs frail/dependent
older people. In this article we overviewed the relationships between mid-arm anthropometric mea-
surements and mortality of elderly based on our studies and previous reports targeting older people.
Our cohort study, which was composed of cross-sectional and prospective cohort analyses of 957
community-dwelling dependent elderly, demonstrated that significant higher average triceps skinfold
(TSF) levels were observed in participants, compared with age-matched (5-year intervals) those of the
standard Japanese population. In contrast, the average arm muscle area (AMA) levels at 5-year inter-
vals were significantly lower than the Japanese norm. The AMA levels of the study participants were
correlated with activities of daily living (ADL) score after adjusting for gender and age. Whereas
TSF levels were not correlated with ADL function after adjusting for gender, age among study par-
ticipants. Survival analysis of 2-years mortality was conducted using multivariate Cox proportional
hazards models. AMA, TSF, and mid-arm circumference (MAC) were independent risk factors for
2-years mortality in the participants. In conclusion among community-dwelling dependent elderly,
mid-arm anthropometric measurements were independent predictors of 2-years mortality.

Abbreviations

ADL Activities of daily living

AMA Arm muscle area

BMI Body mass index

CI Confidence interval

HR Hazard ratio

JARD2001 In 2001, Japanese Anthropometric Reference Data
MAC Mid-upper-arm circumference

NLS-FE The Nagoya Longitudinal Study of Frail Elderly
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LTCI Long-term care insurance
TSF Triceps skinfold
SPSS Statistical Package for the Social Sciences

40.1 Introduction

Anthropometric indices of weight, height, body mass index (BMI}, skinfold thickness, muscle area,
and circumference are simple, easily obtainable, and inexpensive measures of assessing nutritional
status. Among them, BMI, the most widely used anthropometric index, has been frequently used as an
indicator of nutritional status, and is well known as an important predictor of mortality and activities
of daily living (ADL) decline among older people (Liu et al. 2002; Flodin et al. 2000), However, it is
not uncommon to find dependent older people who cannot be weighed or measured for height. When
subjects living at home have severe functional disabilities, it is essential to have special equipment,
such as beds or wheelchair scales, to measure their weight. Frequently, it is difficult to measure the
height of older people with postural changes, including muscle and arterial contracture and kyphosis.
In fact, we have previously shown in a cohort study of community dwelling dependent elderly that
35.9% and 30.7% had missing data for height and weight, respectively (Izawa et al. 2007).

In addition, measuring height reliably in older individuals is one of the most problematic areas of
anthropometry. In old age, there is a decline in sitting and standing height due to vertebral compres-
sion, change in the height and shape of vertebral disks, loss of muscle tone, and postural changes.
When these height measurements are-used in the calculation of BMI, it will tend to be artificially
inflated. In addition, it can be difficult to measure the standing height of older people with ADL
impairment (Hickson and Frost 2003; Zang et al. 1998).

Anthropometric measurements of the mid-upper arm are often taken for measuring body composi-
tion, because they are a quick, inexpensive, and non-invasive method of measuring nutritional status.
Triceps skinfold (TSF) thickness reflects subcutaneous fat, whereas mid-upper-arm circumference
(MAC) takes into account the humeral diameter as well as the skeletal muscles, and fat covering the limb,
therefore reflecting changes in lean body mass and fat. Mid-upper-arm muscular circumference and arm
muscle area (AMA), which are derived from MAC and TSF, are also useful indicators of muscle mass.

Although these mid-arm anthropometric measurements may be useful indicators of undernutri-
tion in older adults, it remains controversial whether these measurements are useful predictors of
mortality in the elderly or whether physical impairment reflects these measurements in the older
population. In this article, we overview the mid-arm anthropometric measurements as a predictor of
mortality among older people and their relationships with physical functions.

40.2 Mid-Arm Anthropometric Measurements and Mortality
of Elderly-Brief Review

In the general population, it has been believed that low muscle mass and high fat mass are associated
with higher mortality (Janssen et al. 2002). In fact, Miller and colleagues demonstrated that among
1,396 community dwelling Australian participants aged 70 years and older, those with a low corrected
AMA (£21.4 cm’ for men and £21.6 cm® for women) had an increased risk of mortality at 8-year
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follow-up. (Miller et al, 2002), whereas no increased risk in 8-year mortality was identified for those
with a high or low BMI (Miller et al. 2002). Another study reported that, in a geriatric assessment
unit, it was found that an abnormally low AMA (lower than the fifth percentage of age-matched
reference data) is strongly associated with increased mortality at 4.5-year follow-up (Muhlethaler
et al. 1995). In contrast, over 24 years of follow-up study of random samples of participants aged 65
years and over living in the community revealed that higher AMA was associated with a significantly
reduced risk of mortality from all causes only in men, and not in women (Gale et al. 2007).

The relationship between TSF thickness and mortality in the elderly remains controversial. It has
been reported that among 408 elderly long-term-care residents aged 60 years and older, TSF was a
significant predictor of mortality during 19 months’ follow-up in the univariate analysis, but not in
the multivariate analysis (Allard et al. 2004). TSF thickness did not show a statistically significant
association, with 4.5-year mortality among 219 geriatric patients in a geriatric assessment unit
{Muhlethaler et al. 1995). It has been observed that TSF thickness below the 5th percentile was asso-
ciated with a significant increase in the relative risk of death during 40-46 months’ follow-up i a
community sample of 758 older people (Campbell et al. 1990},

Another study showed that, during admission in an acute care geriatric ward, MAC had a more
negative trend in patients who died than changes in weight, BMI, and subjective nutritional assess-
ment (Antonelli Incalzi et al. 1996).

40.3 Japanese Cohort Study

40.3.1 Study Design and Aim

We examined whether anthropometric measurements of mid-upper arm may be a good predictor of
mortality among disabled community-dwelling older people (Enoki et al. 2007). In the present study
targeting dependent community dwelling elderly persons, using the baseline and 2-year follow-up
data of the Nagoya Longitudinal Study of Frail Elderly (NLS-FE), the following hypotheses were
tested: (1) in community-dwelling elderly persons, who are disabled or dependent and receiving
some assistances using the long-term care insurance (LTCI) program, MAC, TSF, and AMA levels
are lower than those of not-frail, independent elderly persons living in the community; (2) these
lower levels of measurements are associated with physical function impairment and comorbidity
status; and (3) lower levels of MAC, TSF, or AMA are independent predictors of relative short-term
(2-year) mortality.

40.3.2 Study Participants

This analysis was conducted using a total of 957 subjects (men, 355; women, 602) extracted from
the NLS-FE data set. The study population of NLS-FE consisted of 1,875 (men, 632; women, {,243)
community-dwelling elderly (aged 65 years or older) eligible for the LTCI, who lived in Nagoya city
(Central Japan) and were provided various home care services from the Nagoya City Health Care
Service Foundation for Older People, which is comprised of 17 visiting nursing stations accompany-
ing care-managing centers (Kuzuya et al. 2006, 2008 ). The LTCI system provides care for the
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elderly aged 65 years and older. Under the LTCI program, care levels (levels 0-5) are determined
according to eligibility criteria (Izawa et al. 2006). The elderly in the community, who are eligible
for LTCI, are disabled and chronically ill, have physical and mental problems, and easy to admit to
the acute hospital or institute care setting. A total of 957 (men, 355; women, 602) using visiting
nurse services under LTCI were enrolled for the anthropometric measurements.

40.3.3 Data Collection

Anthropometric measurements were conducted by trained nurses at the clients’ home. Measurement
of TSF (to the nearest 2 mm) was made using caliper and MAC (to the nearest 0.1 cm) using a
flexible measuring tape, on the right side of the participant’s body, unless affected by disability or
disease. These measurements were taken at least twice, by one trained nurse, according to the
instruction sheet, and reported values were the means of the repeated measurements. Arm muscle
circumference (AMC = MAC (cm) — n X TSF (mm)/10) and AMA were calculated using a standard
formula: AMA cm® = (AMC (cm))¥4n. BMI was defined as weight in kilogram divided by height
squared.

The mean scores of anthropometric measurements of patients grouped by age and gender were
compared with the JARD 2001, anthropometric norms for healthy men and women without physical
function impairment in each S-year age bracket, including subjects over age 65 years (Japanese
Anthropometric Reference Data 2002). In JARD 2001, a mean value, a central value, standard devia-
tion, maximum value, minimum value, and percentile (5th, 10th, 25th, 75th, 90th, and 95th) were
determined according to the age division. Therefore, it was possible to compare the obtained mea-
surement values and these reference values.

40.3.4 Sample Description

Characteristics of subjects in the present study are given in Table 40.1. The mean (SD) age of 957
patients studied was 80.4 (7.9) years, with a range of 65-102 years. Among those, 318 patients
(33.2% of total) were 85 years or older. Most were capable of oral food intake (91.5% of total). The
physical function of the participants (basic ADL, score range: 0—~20) was markedly impaired with a
mean (SD) score of 10.3 {6.9). A history of cerebrovascular disease was the most frequent diagnosis
observed in this cohort (334 patients, 34.9% of total).

40.3.5 Comparison of Anthropometry Between Study Parficipants
and Japanese Norms

BMI is the anthropometric measurement most widely used for assessing nutrition status, However,
it is often difficult for older people with impaired physical function to be measured for height and
weight at their homes. In fact, in our cohort, BMI data were not available for 437 out of 957 partici-
pants, even though we asked visiting nurses and caregivers to measure weight and height as far as
possible. It shouid be noted that there were no differences in BMI levels between the participants and
Japanese norms for any age group in either gender (Enoki et al. 2007) (Tables 40.2 and 40.3).
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Table 40.1 Demographic characteristics of patients (Reprinted from Enoki et al. (2007). With permission
from Elsevier)

Male N =355 Female N =602
Variables Categories (year) N (%), average £ SD N (%), average = SD  p-Value
Age (year) 78.50 + 749 81.57+7.97 <0.001
65-69 47 (13.2) 46 (7.6) <(.001
70-74 63 (17.7) 82 (13.6)
75-79 100 {28.2} 119(19.8)
3084 58 (16.3) 124 (20.6)
85+ 87 (24.5) 231 (38.4)
Nutrition Peroral 22209073 554 (92.0) 0.622
Enteral feeding 32090 45(7.9)
Parenteral nutrition 1 (0.3} 340.5)
Basic ADL (0-20) 11063 99271 0.013
Charlson comorbidity index (0-35) 25+ 1.6 22x1.6 0.019
illness Ischemic heart disecase 3187 64 (10.6) 0.496
Congestive heart failure 320900 60 (10.0) 0.818
Liver discase 13371 20(3.3) 0.714
Cerebrovascular disease 147 (41.4) 187 (31.1) <0.001
Diabetes 38 (10.7) 68 (11.3) 0914
Dementia 92 (25.9) 221 (36.7) 0.001
Chronic pulmonary disease 38 (10.7) 42 (7.0 0.037
Neoplasia 37(10.4) 51(8.5) 0.242
Hypertension TO9.7T) 150 (24.9) 0.068
Anthropometric measurcments
Body mass index, kg/m® 20834 (n=219) 208 4.4 (n=301) 0.978
Mid-arm circumference, cm 243 x4.1 23.1x45 <0.001
Triceps skinfold thickness, mm 143+94 155x95 0.200
Arm muscie area, e’ 324116 280115 <0.001

Statistical analysis: unpaired f-test (age, basic ADL, Charlson comorbidity index, and anthrometric mea-
surements) and ¥ test (age group, nutrition route, and iliness)

Table 40.2 Comparison of anthropometry between cohort and Japanese reference data (Male)

Age Cohort JARD
Male {Year) Average = SD Average = SD p-value
Mid-arm circumference, cm 65-69 253+36 27327 <(.001
70-74 25455 26.7+2.9 0.078
75-79 240%37 258+30 <(.001
80-84 24034 25.0+£30 0.046
85+ 23.6%3.5 23931 0.351
Triceps skinfold thickness, mm 65-69 149846 10.6x4.2 <0.001
70-74 13.0 = 10.! 10.§x33 0.058
75-75 14.8 = 10.1 102+4.2 <0.001
80-84 16.5£95 10343 <0001
85+ 129+ 8.1 94x46 <0.001
Arm muscle arca, cm? 63-69 349% 1335 45.1£94 <0.001
70-74 380=19.3 439+ 102 <0.001
75-79 309+ 109 414495 <0.0G!
80-84 294 %109 382 101 <0.001
85+ 316x11.9 35489 0.004

JARD Japanese Anthropometric Reference Data
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Table 40.3 Comparison of anthropometry between coliort and Japanese reference data (female)

Age Cohort JARD
Female {Year} Average = SD Average = SD p-Value
Mid-arm circumference, cm 65-69 25642 264+£27 0.193
70-74 252248 256£3.2 0436
7579 242+48 24635 0.381
80-84 225=x4.1 23.9+33 <0.001
85+ 21.5+38 229x34 <0.00!
Triceps skinfold thickness, mm 65-69 18.1£104 197+ 7.0 0.068
70-74 17994 [7.1£6.8 0.051
75-79 177+ 10.0 144+6.8 <0.00!
80-84 13.5£90 [3.0+£59 0.057
85+ 13.1 £ 8.6 11.7£3.9 <0.001
Arm muscle area, cm? 65-69 325% 119 32776 0.890
70-74 315=123 33.2+8.6 0218
75-79 296+ 126 327+ 8.6 0.011
80-84 274105 31.8+8.1 <0.001
85+ 252x10.2 294 +8.8 <0.001

JARD Japanese Anthropometric Reference Data

Anthropometric measurements of the mid-upper arm including TSF and MAC can be introduced
easily in the community-dwelling elderly, as it is a quick, handy, inexpensive and non-invasive
method. AMA, as an index for muscle mass, can easily be calculated from TSF and MAC. As shown
in Table 40.2, the MAC levels of male participants of the 75-84 years age group were significantly
lower than the Japanese norm. In female participants, MAC levels in the 80-84 years and 85 years
and older age groups were lower than the Japanese norms (Table 40.3). There were significantly

“higher TSF levels in male participants of all age groups except for 70-74 years and higher TSF levels

~in ferale participants of the 75-79 years and 85 years and older age groups, compared with Japanese
norms. The AMA of male participants was significantly lower than the Japanese norm in all age
groups. In female participants, lower AMA levels were observed in the 75-79 years, 80-84 years,
and 85 years and older age groups. We observed that AMA or TSF levels were lower and higher,
respectively, in participants of NLS-FE than those of the standard Japanese population. The lack of
differences in BMI levels for each 5-year-interval, gendered age group between our cohorts with
some disabilities and the Japanese norm suggested that though there were clear differences in body
composition between Japanese subjects with or without physical impairment, total body mass did
not reflect those differences.

40.3.6 Anthropometry and ADL

The correlation between anthropometric measurements and ADL function was evaluated using
the partial rank correlation ceefficients, after adjusting for gender and age. ADL score was sig-
nificantly correlated with BMI (correlation coefficient () = 0.191, p < 0.01), MAC (»=0.288, p
< 0.01), and AMA (r = 0.298, p < 0.01), but not with TSF (r = 0.019, p = 0.749). It has been
reported in cross-sectional observations that physical disability is associated with increases in
percentage body fat as well as a decrease of fat-free mass (Liou et al. 2005; Broadwin et al.
2001; Davison et al. 2002). In cross-sectional analyses from the Rancho Bernardo Cohort Study,
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a significant positive association was shown between fat mass, which was estimated by bioelectric
impedance analysis, and overall functional disability, and a significant negative association was
shown between fat-free mass and overall functional disability in both men and women (Broadwin
et al. 2001). In agreement with these previous findings, we demonstrated that AMA levels in the
study participants were Jower than Japanese norms and that AMA levels of the study participants
were correlated with ADL score after adjusting for gender and age (i.e., lower AMA levels with
lower ADL function). Although recent observation suggested that lower extremity muscle mass
is a strong independent predictor of the level of functional impairment in community-dwelling
older adults (Reid et al. 2008), our results may also suggest that not only leg muscle mass but
also arm muscle mass is an important determinant of physical performance among functionally
limited elders.

Our study results were also consistent with previous findings of higher TSF levels in the study
participants than those in Japanese subjects without impairmeni of physical function. However, we
observed that TSF levels were not correlated with ADL function after adjusting for gender and age
among study participants. When analysis was conducted after adjustment for BMI, ADL score was
still correlated with AMA (r = 0.151, p = 0.001), but not with TSF (r = —=0.081, p = 0.072). These
results indicated that TSF levels are influenced by other factors, such as nutritional status, besides
only the level of physical function, at least among our participants with ADL disabilities.

40.3.7 Anthropometry of Mid-Arm and 2-Year Mortality

Among the 957 participants, 236 died during the 2-year follow-up period. Tables 40.4 and 40.5 show
the univariate and multivariate Cox proportional hazards regression models to identify independent
predictors of 2-year mortality. The following baseline data were used in a Cox proportional hazards
model to identify independent predictors of 2-year mortality: age, gender, ADL status, comorbidity
status, and levels of MAC, TSF, and AMA. The risk of a variable was expressed as a hazard ratio
(HR) with a corresponding 95% confidence interval (CI). For the analysis, age was categorized into
three groups: 65-74 years, 75-84 years, and 85 years or older. The ADL score (range: 0-20) and the
Charlson comorbidity index score, which represents the sum of a weighted index that takes into
account the number and seriousness of preexisting comorbid conditions, were categorized into three
groups with approximately equal numbers of participants in each group: ADL, high function, 218;
mild function, 12--17, and low function, £11; the Charlson comorbidity index score, <2, 2-3, 24.
AMA (cm®) was categorized into three groups by tertile: high, 233.4; mild, 23.5-33.3; and low,
<23.5. TSF (mun) was categorized into three groups by tertile: high, 217; mild, 10-16; and low, <10.
MAC (cm) was also categorized into three groups by tertile: high, 225.2; mild, 24.5-25.1; and low,
<24.5 (Tables 40.4 and 40.5).

Unadjusted univariate analysis suggested that the oldest age category (285 years), low ADL func-
tion, 24 Charlson comorbidity index score, <10 mm TSF thickness, <23.5 ecm* AMA, and <24.5 cm
MAC were associated with 2-year mortality (Tables 40.4 and 40.5). A multivariate Cox proportional
hazards regression model based on the all the variables used in univariate analysis showed that low
TSF(<10 mm) and low AMA (<23.5 cm?®) were associated with 2-year mortality (Table 40.4). In
addition, when MAC was used instead of TSF and AMA, it (mild: 24.5-25.1 cm and low: <24.5 cm)
was associated with mortality {Table 40.5) with higher hazard ratio than that of TSF or AMA.

In the general population, it has been demonstrated that fat-free mass and TSFE, an indicator of fat
mass, have clear negative and positive relationships, respectively, with mortality (lower fat-free mass
and higher TSF with higher mortality) (Zhu et al. 2003; Allison et al. 2002). Consistent with those




Table 40.4 Cox proportional hazard models for 2-year mortality (Reprinted from Enoki et al.
(2007). With permission from Elsevier)

Univariate Multivariate
Variable Hazard ratio (95% CI)  p-Value  Hazard ratio (95% CI)  p-Value
Gender
Female® 1.00 1.00
Male 1.16 (0.90-1.51) 0.260  1.31(0.96-1.80) 0.088
Age group
65747 1.00 1.00
75-84 1.31 (0.92-1.87) 0.135 1.01 (0.67-1.51) 0.966
85 year g 1.70 (1.19-2.42) 0.004  1.16(0.76-1.76) 0.486
Basic ADL
High function (z18) 1.00 1.00
Mild function (12-17)  1.26 (0.78-2.03) 0.340  1.03 (0.62-1.69) 4.922
Low function (<11} 2.36(1.53-3.63) <0.001 1.76 (1.09-2.83) 0.020
Churlson comorbidity index
<2? 1.00 1.00
2-3 1.36 (0.96-1.92) 0.083 1.33 (0.94~1.90) 0.112
>4 1.70 (1.17-2.46) 0.00s 1.35 (0.91-2.02) 0.141
Triceps skinfold thickness (mm}
High (217 1.00 1.00
Mild (10-16) 1.14 (0.81-1.59) 0459 1.26 (0.85-1.88) 0.230
Low (<i0) 1,75 (1.26-2.42) 0.001 1.89 (1.30-2.75) 0.001
Arm muscle area {cm?®)
High (233.4) 1.00 1.60
Mild (23.5-33.3) 1.34 (0.93-1.92) 0.115 1.26 (0.85-1.88) 0.256
Low (<23.5) 2.04 (1.47-2.85) <0.001 2.03 (1.36-3.02) <0.001
€7 confidence interval
*Reference category
* Table40.5 Cox proportional hazard models to examine the association between 2-year mortality and MAC
Univariate Multivariate
Variable Hazard Ratio (95% CI) p-Value Hazard Ratio (93% C1) p-Value
Gender
Female® 1.00 1.00
Male 1.16 (0.90-1.51) 0.26 1.34 (0.98-1.83) 0.06)
Age group
65~74 1.00 1.00
75-84 1.31 (0.92-1.87) 0.135 .99 (0.66-1.48) 0.954
85 year g 1.70(1.19-2.42) 0.004 1.16 (0.77-1.76) 0471
Basic ADL
High function (>18) 1.06 1.00
Mild function (12-17) 1.26 (0.78-2.03) 0.340 1.04 (0.62-1.72) 0.889
Low function {<i1) 2.36 (1.53-3.63) <0.001 1.71 (1.06-2.76) 0.029
Charlson comorbidity index
<2 1.00 1.00
2-3 1.36 (0.96-1.92) 0.083 1.38 (0.97-1.98) 0.075
>4 1.70 {1.17-2.46) 0.005 1.52 (1.02-2.26) 0.040
Mid-upper-arm circumference {cm)
HEigh (25.28 1.00 1.00
Mild (24.5-25.1) 1.81 (0.81-1.59) 0.002 1.63 (1.07-2.47) <0.00!
» Low (<24.5) 2.98(1.26-2.42) <0.001 2.77 (1.83-4.18) <0.001
:; CI confidence interval
3 ‘Reference category
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Fig.40.1 Kaplan-Meier MAC
survival curves for elderly
subjects with various levels il
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levels were classified as low
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high (25.2<). Survival curves
were plotted using the
Kaplan~Meier method,
adjusting for age, gender,
ADL status, and Charlson
comorbidity index
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findings, a number of studies have demonstrated that AMA or AMC, another indicator of muscle
mass, is a predictor of mortality in older people (Miller et al. 2002; Muhlethaler et al. 1995). As
described above, controversial results have been reported in terms of the relationships between TSF
and mortality in older people. Our prospective observation demonstrated that lower TSF was an
independent predictor of 2-year mortality among community-dwelling dependent older people, even
after adjusting for possible confounding factors. The inconsistency between our study and previous
studies targeting the general population in terms of the relationship between TSF and mortality may
be due to the difference in study population, that is, a healthy younger population versus frail older
people with some disabilities. A higher TSF seems to reflect obesity and hyperalimentation in the
general population, but in our frail elderly participants, a lower TSF seems to reflect undernutrition.
However, it may be possible that cultural differences between Japan and other Western countries
may affect this inconsistency. Recently, a study demonstrated that fat mass index, measured with a
gold standard technique (X-ray absorptiometry) and bioelectrical impedance analysis, is a predictive
marker of morbidity and mortality in hospitalized elderly patients (Bouillanne et al. 2009), suggest-
ing that, at least among vulnerable older people, fat mass including TSF has protective role on
adverse outcomes of the elderly.

We also observed that MAC was a better predictor of 2-year mortality among community dwell-
ing dependent older people compared with AMA or TSF. This result is not surprising. Because MAC
takes into account the humeral diameter as well as the skeletal muscles and fat covering the limb,
therefore reflecting both TSF and AMA.

40.3.8 Kaplan-Meier Survival Curves

Figures 40.1 and 40.2 show the multivariate-adjusted Kaplan-Meier survival curves exploring the
association between MAC, TSE, or AMA categories and time to death (3-month interval). The low-
est category of MAC (<24.5 cm), TSF (<10 mm), and AMA (<23.5 cm®) showed an increased risk
of death during the 2-year follow-up compared with the middle and highest categories (Figs. 40.1
and 40.2a, b).
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Fig. 40.2 Kaplan-Meier survival curves for elderly subjects with various levels of TSF (A) and AMA (cm?) (b).
(a) TSF (mm) levels were classified as low (<10), mild (10-16), and high (17<). (b) AMA (cm?) levels were classified
as low (<23.5), mild (23.5-33.3), and high (33.4<). Survival curves were plotted using the Kaplan-Mejer method,
adjusting for age, gender, ADL status, and Charlson comorbidity index (Reprinted from Encki et al. (2007), With
permission from Elsevier)

40.3.9 Combined Evaluation of AMA and TSF

We further characterized study participants using a nine-level measurement that combined AMA
levels and TSF levels. Within each level of TSF, risk of mortality rose as levels of AMA decreased.
Within each level of AMA, risk of mortality rose as TSF decreased. A striking increase in the risk of
2-year mortality, adjusted for age and gender, was observed in the low TSF with low AMA group
(HR: 3.83, 95% CI: 1.97-7.47), versus the high TSF with high AMA (Fig. 40.3). These findings
indicate that a combined evaluation of AMA and TSF strengthens the prediction of relative short-
term mortality among community-dwelling dependent older people (Fig. 40.3).

40.3.10 Limitations

The current study had several limitations. NLS-FE is a large-scale observational study but does not
include the complete spectrum of elderly patients in the Nagoya area, an urban area. In the analysis,
baseline data of the anthropometric measurements were included, but changes in the measurements
during the follow-up period were not considered. Although recent study suggested that muscle
strength is more powerful predictor of mortality than muscle mass (Newman et al. 2006), data of
muscle strength were not available in our study. Another limitation is that we enlisted each station to
perform evaluation because of a shortage of hands and the large number of settings. This may have
biased assessors’ evaluations and limited the validity of the results. The results of the present study
cannot transfer to the non-frail independent older population, as there should be many differences
between the participants of NLS-FE and the standard non-frail older, including ADL levels and
comorbidity. In addition, these findings may not be generalizable to other populations given that they
may have been influenced by cultural differences, health practices, and a variety of social and eco-
nomic factors.
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Fig.40.3 Relative risks for all-cause mortality. Estimations were obtained from Cox regression models adjusting for
age and gender. Eight independent variables, created for each level of AMA (low: <23.5 cm®, mild: 23.5~33.3 cm?,
high: 33.4 cm®<) and TSF (low: <10 mm, mild 1016 mm, high: 17 mm <) combined, were used as indicator variables
and compared with the reference group (defined as those with high AMA and high TSF). Number on each bar indi-
cates hazard ratio. *: p < 0.05, ¥*: p < 0.01, : reference group (Reprinted from Encki et al. (2007). With permission
from Elsevier)

40.4 Conclusion

Anthropometric measurements of the mid-upper arm are performed often in research, but rarely on
a clinical basis, even although they are a quick, inexpensive, and non-invasive way of measuring
nutritional status. In the present study, we demonstrated a striking picture of increased mortality risk
associated with lower AMA levels, lower TSE, and lower MAC. Anthropometric measurements of
the mid-arm may be a more practical and suitable index not only for nutritional assessment but also
for capturing the vulnerable subset of older people living in the community.

40.4.1 Applications to Other Areas of Health and Disease

In the text, we focused on older people in terms of the mid-upper arm anthropometric measurements
as nutritional markers and indicators of mortality risk. However, numbers of researches are using
upper arm measurements as nutritional as well as growth markers for the children. The World Health
Organization (WHQ) introduced the Child Growth Standards, which included MAC and TSF, for
assessing the growth and development of children, (WHO Multicentre Growth Reference Study
Group 2006). In addition, upper arm measurements were also established as an indicator of mortality
risk for children (Lapidus et al. 2009).
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Summary Points

« Higher average triceps skinfold (TSF) levels were observed in community-dwelling dependent elderly,
compared with age-matched {5-year intervals) individuals of the standard Japanese population.

» Lower average arm muscle area (AMA) levels were observed in community-dwelling dependent
elderly, compared with age-matched (5-year intervals) individuals of the standard Japanese

population.
o AMA levels of community-dwelling dependent eiderly were correlated with their physical

function.
» TSF levels of community-dwelling dependent elderly were not correlated with their physical

function.
« Lower AMA levels of community-dwelling dependent elderly were associated with 2-year

mortality.
» Lower TSF levels of community-dwelling dependent elderly were associated with 2-year

mortality.
» Lower mid-arm circumference (MAC) levels of community-dwelling dependent elderly were
associated with 2-year mortality.
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