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Xhe Failure of Anthropometry as a Nutritional Assessment Tool 

f Judith J. Bencich, RD,* Diana L. Twyman, MS, RD,* and Ann Fierke, RD* 

i Anthropometric measurements are commonly used to assess body composition changes and adequacy 
of nutritional support in the hospitalized patient. To test their utility as nutritional assessment tools in 
the intensive care unit (ICU) patient, body weight, triceps skinfold (TSF), mid-arm muscle 
circumference (MAMC). and fluid balance and intake were collected on 21 critically ilt patients during 
their ICU stay. Correlations were sought between adequacy of nutritional support and changes over 
time in weight. MAMC, fluid balance, and TSF. 

A significant change over time in mean body weight (p < 0.0001) was seen, reflecting a mean weight 
loss despite a positive cumulative fluid balance of almost 20 L by day Mfor all patients (p < 0.0001). 
There was a sigmficant change over time in the mean fractional intake of required calories ranging 
from 41.7% on observation day Itoa peak of 84.0% on day 22 (p < 0.001). 

TSF and MAMC could not be obtained on a large percentage of ICU patients due to severe edema 
including the mid-upper arm. Obtained measurements showed no change over the study period in TSF 
(p = 0.24) and MAMC (p = 0.71) despite significant changes in weight (p < 0.0001). caloric intake 
(p = 0.0001). and cumulative fluid balance (p = 0.0001). 

From these data it appears that anthropometric indices of TSF and MAMC are unrelated to 
nutritional intake and weight in ICU patients and are therefore not of use in the nutritional assessment 
ofthis population. (Henry Ford Hosp MedJ 1986;34:95-8) 

I T
echniques for assessing alterations in body composition due 
to weight change have been developed and used extensively 

fornutrition screening in large, healthy populations (1). Among 
them are anthropometric measurements which include body 
weight per height (BW) as a measure of leanness or obesity, tri-
cep skinfold (TSF) as a measure of subcutaneous fat stores, and 
raid-upper arm muscle circumference (MAMC) as an indicator 
of lean body mass (2). More recently, arm muscle area, a mea
surement derived from MAMC and TSF, has been implicated as 
a better indicator of skeletal protein mass than MAMC (3). 

Current criticisms concerning the suitability of these stan
dards include investigator reliability in reporting measurement 
errors, a failure by investigators to standardize measurement 
sites and techniques, and imprecise methodologies. The need 
for a reliable means of assessing nutritional status in the inten
sive care unit (ICU) patient is also cleariy indicated. The validity 
of anthropometry in this population, however, is questionable as 
body measurements masked by generalized edema, even if ob
tainable, would be difficult to interpret. 

A recent review of the clinical literature reveals a lack of an
thropometric studies conducted in the critically ill ICU patient 
(1.2,4-16). In an effort to assess the utility of anthropometrics 
for nutritional assessment in critically ill patients, a study was 
conducted in the Surgical Intensive Care Units of Henry Ford 
Hospital. 

Materials and Methods 
In a prospective nomandomized study, anthropometric mea

surements were performed on 21 critically ill patients receiving 
either parenteral or enteral nutritional support. Critically ill was 

defined as a mechanically ventilated ICU patient with a condi
tion or conditions associated with a high degree of morbid
ity and mortality. Subjects were monitored for changes in body 
weight, TSF, MAMC, fluid balance, and nutritional intake. 
Data were collected during the patients' entire length of stay in 
the ICU. Anthropometric measurements were obtained on all 
subjects on day I of the study period and every other day there
after. The length of each study period was dependent on the 
patients' length of stay in the ICU and continued nutritional 
support. 

Anthropometric measurements were collected by trained per
sonnel working in teams of two during scheduled physical ex
aminations. One team member performed all measurements and 
verbally relayed the information to the other member who then 
recorded them. A single MAMC measurement was obtained 
from the arm of each subject with a flexible paper tape calibrated 
in centimeters. During the measurement, the subject was in a 
supine position with the forearm placed horizontally across the 
middle of the body, with the elbow bent to a 90 degree angle. 
The upper arm was marked at the midpoint between the acro
mion and olecranon processes, then extended alongside the 
body; the circumference was measured to the nearest centimeter 
TSF thickness was measured by forming a fold of skin plus sub
cutaneous tissue (without underlying muscle) over the triceps 
muscle. The crest of the fold was parallel to the long axis of the 
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Table 1 
Mean Fluid Balance and Kcal Intakes 

Day 
Mean Cumulative 

Ruid Balance (mL) X 103 
Mean % Intake 

of Required Kcal 
Mean Actual 
Kcal Intake 

Mean Daily 
Weight Change (kg) 

1 -1- 1.3 ±0.44 41.7± 8.4 940 ± 198 0 
2 -1-2.35 ±0.77 43.0± 9.3 1015 ± 239 0.88 ± 1.74 
3 3-3.68 ±0.89 57.9 ± 9.9 I387± 255 1.31 ± 1.19 
4 -1-5.29± 1.10 74.7 ± 11.5 1793 ± 283 -0.01 ± 1.23 
5 -l-6.42± 1.23 74.7 ± 11.7 1748± 287 -0.42 ± 1.90 
6 -F7.33± 1.35 68.8 ± 10.6 1617 ± 269 -5.73 ± 5.96 
7 -F7.97± 1.58 66.5 ± 8.9 1540± 222 0.13± 2.42 
8 -t-8.37± 1.94 68.6 ± 11.5 1652 ± 299 0.62 ± 2.10 
9 -1-10.02 ± 2.53 76.6 ± 14.8 1793 ± 337 - I . 8 9 ± 2.87 

10 3-11.13 ±2.92 82.8 ± 12.9 1903 ± 322 1.05 ± 2.52 
11 3-11.61 ±2.96 84.8 ± 12.3 1917 ± 298 0.36 ± 3.73 
12 -1-13.64 ± 3.65 79.4 ± 16.5 1877 ± 406 - 1.56 ± 4.26 
13 -1-15.87 ± 4.26 81.2± 13.5 2038 ± 387 -0.99 ± 2.70 
14 -1- 19.99 ± 5.47 85.9± 18.0 2100 ± 432 - 5 . 4 9 ± 12.25 
15 3-17.22 ±5.05 78.3 ± 13.4 1921 ± 370 8.2 ± 8.62 

p < 0.0001 p < 0.001 p < 0.0001 p < 0.0001 

! 

Table 2 
Correlations Between Anthropometric 

and Nutritional Indices 

Cumulative Weight 
Fluid TSF MAMC KCAL Change 

Day Balance (mm) (mm) (in) (kg) 

1 3-1.33 15.95 24.53 940 0.88 
14 3-19.99 16.03 22.07 2100 -5.49 

p-Values 0.0001 0.24 0.71 0.0001 < 0.0001 

TSF = tricep skinfold, and MAMC = mid-upper arm muscle circumference. 

arm. Thickness of the fold was measured with a Lange skinfold 
caliper (Cambridge Scientific Industries, Cambridge, MD) held 
in the dominant hand. Without releasing the fold from between 
the thumb and the index finger, three measurements were ob
tained in centimeters and averaged before recording (4). 

Treatment of niissing data 
Serial measurements of TSF thickness were not recorded 26% 

of the time (number of days TSF obtained/total number of days). 
This was due to generalized edema encompassing the upper por
tion of both arms. The missing values were omitted from data 
entry. The remainder of daily data collected on subjects was 
entered. 

Statistical analysis 
Analysis of data was based on correlations and ratios sought 

between actual caloric intake (expressed as percent of prescribed 
calories) and its effect over time on changes in body weight 
(BW), muscle mass (MAMC), and subcutaneous fat stores 
(TSF). The anova repeated measures analysis of variance was 
used to test daily changes in response. To test correlations of 
each variable (TSF, MAMC, and BW) with caloric intake, the 
t-test was used. 

Results 
One hundred percent intake of recommended prescribed calo

ries was never achieved in all ICU patients. There was a signifi
cant change over time in the mean intake of required calories 
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ranging from 41.7% on observation day I to a peak of 84.0% on 
day 11 (p < 0.001). The mean intakes reflected greater nutri
tional adequacy compared to most patients due to a wide range 
of intake levels from < 10% to > 150% of required calories 
(Table 1). 

Despite a significantiy positive mean cumulative fluid bal
ance of almost 20 L by day 14 for all patients (p < 0.0001), a 
significant reduction over time occurred in mean body weight (p 
< 0.0001) (Table I). Patients who had measurements obtained 
showed no change in TSF or MAMC during the study period 
despite significant changes in weight, caloric intake, and 
cumulative fluid balance (Table 2). There was also no significant 
change over time in the ratio of weight change to percent re
quired of calories received (p = 0.93). 

Discussion 
Anthropometry, introduced in the late 19th century, gained 

widespread popularity in the early 1960s. Use of anthropometry 
as an indicator of mortality and morbidity from malnutrition was 
conceived during the 1960s when Fletcher and coinvestigators 
monitored body composition changes during disease and nutri
tional repletion (17). The anthropometric techniques employed 
by Fletcher (1962) were conducted in the study of healthy popu
lations (17). 

This concept gained credence in the 1970s when Bistrian et al 
(1974) and Blackbum (1977) proposed the use of MAMC mea
surements as a diagnosric indicator of nutritional status. This 
was based on the contention that MAMC reflects underlying 
muscle bulk and that the changes observed in serial measure
ments would be indicative of alterations in somatic protein mass 
(5). TSF changes also would be reflective of changes in sub
cutaneous fat stores which are related to the size of total body 
energy reserves. Presumably, this would indicate an individual's 
ability to withstand a period of relative starvation (ie, taking 
nothing orally for longer than five days) as frequently seen in the 
hospital setting. 

Publications during the 1970s expressed a consensus regard
ing the use of MAMC, TSF, and BW as diagnostic indices of 
malnutrition and proposed their adoption in the nutritional as-
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sessment of hospitalized adults (14-16,18-21). It was further rec-
oniniended that these anthropometric parameters be evaluated 

cording to sex-specific standards of reference to improve their 
Validity (14-16,18-21). 

Several population surveys conducted during the 1960s and 
1970s produced standard reference ranges by which to evaluate 
anthropometric measurements. The Health Examination Survey 
of 1960-1962, the Ten State Nutrition Survey (TSNS) of 
1968-197(̂ ' and the Health and Nutrition Examination Survey 
(HANES I) of 1971-1974 were all large-scale cross-sectional an
thropometric surveys of the American population. 

Data from the HANES 1 study (1961) correlated body weight 
for sex and age to population percentiles; however, data were not 
analyzed for frame size or height (13). TSNS data were over-
representative of the poor; the population sample was heavily 
weighed toward the lower-income groups in each state (12). 
Other frequentiy used reference standards derived from in
complete and inaccurate population studies include Jelliffe's 
standards and Frisancho's tables. Both sets of standards were de
veloped from data considered to be nonrepresentative of the 
United States population (13,22,23). Jelliffe's standards, pub
lished in 1966, were a composite of various upper arm 
anthropometric measurements derived from different age-sex 
populations. 

Close examination of Jelliffe's sources reveal an arbitrary se
lection of subjects and body measurement sites (22). For exam
ple, during 1960 to 1961, Turkish, Greek, and Italian military 
personnel with various body dimensions were measured for cor
rect uniform sizing (22). These measurements served as the 
source of standards for men's biceps circumference references 
(22). In women, the source of arm circumference standards in
volved a survey conducted by The Bureau of Home Economics 
from 1939 to 1940 of 15,000 female subjects (22). The sources 
for TSF standards are not reported. Consequently, Jelliffe's 
standards must be considered irrelevant as a reference source for 
anthropometric indices since they were not collected using ac
cepted scientific methodologies. 

In the appraisal of nutritional assessment techniques for the 
surgical intensive care patient, conventional anthropometric in
dices (MAMC, TSF, and BW) are questionable because of many 
inherent limitations (22-24). These limitations include incon
sistency in identification of the measurement site and irre-
producibility of the measurement due to the subjective nature of 
the technique. Obesity and generalized edema also result in 
technical errors. Interpretation of such data is extremely difficult 
as certain assumptions must be accepted conceming distribution 
of total body water, hydration status, and estimated lean body 
mass and fat stores when relating them to body composition. 
Differences in fat compressability among sexes and body types 
(ie, obese) are completely disregarded in TSF data collection 
and not addressed in the reference standards (22-24). 

Recentiy, Lohman (25) noted that more than 100 regression 
equations have been developed during the past three decades re
lating skinfolds and other anthropometric indices to body fat
ness. The primary difficulty with regression equations is that 
they are based on a criterion method which has never been vali
dated against a direct method of assessment. From review of the 
literature, it appears that these purported "gold standards" of 

reference such as hydrostatic weighing are of questionable va
lidity. Until the accuracy of anthropometric measurements can 
be improved and the validity of an accessible criterion standard 
established, there is little to be gained by regression equations 
which predict body fatness. 

In an effort to minimize the variability in nutritional assess
ment, more objective, direct methods of body composition anal
ysis need to be investigated. There is a particular need to de
velop techniques which assess static daily fluid changes, and 
relate them to changes in body tissue compartments. This is of 
great importance in the ICU patient where assumed rela
tionships between lean body mass versus TSF are inaccurate 
secondary to severe third spacing of fluid postsurgery or vig
orous fluid resuscitation (26). 

Bioelectrical impedance analysis is one method of assessing 
body composition which utilizes sufficient precision and sen
sitivity in tracking significant changes in short periods (27). As a 
direct relationship exists between electrical conductivity and 
total body water, percentage of body fat can be calculated from 
total body water with the use of densitometric equations. Ap
plication of such methods may provide a means of assessing and 
monitoring surgical/critically ill patients who require nutritional 
support of population specific equations. 

Other sophisticated methods of body composition analysis in
clude isotopic dilution methods (28), in vivo neutron activation 
analysis (29), computed tomography (30), nuclear magnetic res
onance (30), and photon absorptiometry (31). Although these 
methods are more accurate than anthropometry, they are far too 
expensive and cumbersome for daily use and have limited prac
ticality in the hospital setting. A simple, noninvasive, reliable 
indicator of body composition changes which can be clinically 
useful and provide similar information obtained from more so-
phistocated methods is needed. 

Weight change in the ICU patient is statistically related to two 
variables: adequacy of nutritional support as a percentage of re
quired calories, and fluid balance. While significant changes 
over time were observed in body weight, caloric intake, and 
fluid balance, there were no significant corresponding changes 
in tricep skinfold and mid-upper arm muscle circumference. We 
can conclude from these data that anthropometric indices (TSF, 
MAMC, and weight change) do not exclusively reflect nutri
tional status in the ICU patient. 
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