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T hirty years ago, hospital malnutrition was described as being very preva-
lent, yet poorly identified by medical teams [1]. Unfortunately, this situa-
tion has not changed significantly. Protein-calorie malnutrition is still very

common in hospitalized patients, and remains poorly recognized by many clini-
cians [2]. In a recent study of Brazilian hospitalized patients, 48% of the patients
were deemed to be malnourished. Despite this alarming number, most physi-
cians in this study did not assess their patient’s nutritional status or make nutri-
tional therapy a major component of their patient’s hospital medical plan [3].

Protein-calorie malnutrition is important clinically when it is severe enough
to impact one’s physiologic function, inhibit their response to medical thera-
pies, or prolong time to recovery. The physiologic devastation seen with pro-
tein-calorie malnutrition is secondary to loss of total body protein and muscle
function [4]. When more than 20% of one’s usual body weight is lost, most
physiologic body functions become significantly impaired [5]. Studies evaluat-
ing the relationship of loss of body weight to loss of body protein have shown
a strong correlation [6].

Protein malnutrition can be divided into two generalized categories: maras-
mus and kwashiorkor. Patients with marasmus have a significant deficit of total
body fat and body protein with a slight increase in extracellular water. Clinically,
this presents as obvious body wasting. The eyes may be sunken and the skull
and cheekbones may be prominent [7]. The plasma albumin is often in the
low normal range. Resting energy expenditure (REE) in these individuals is
not increased despite severe physiologic dysfunction. In contrast, whereas pa-
tients with kwashiorkor have similar deficits of body protein and fat, they also
have markedly increased extracellular fluid and low plasma albumin levels [7].
To the casual observer, this increase in extracellular fluid may mask underlying
weight loss. Patients with kwashiorkor typically have an accelerated metabolic
rate, and if measured, their physiologic function is also significantly impaired.

End-organ function is adversely affected by malnutrition. Muscle strength
decreases over time. Respiratory function, including forced expiratory volume,
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vital capacity, and peak expiratory flow, declines. An association between im-
paired respiratory gas exchange and malnutrition in chronic obstructive respi-
ratory disease patients has been described [8]. Malnutrition can also reduce
cardiac output, impair wound healing, and depress immune function [9]. Nutri-
tional repletion, however, can often reverse these degenerative processes and
significantly improve patient outcomes. The difficulty lies not only in the treat-
ment of such conditions, but also in identifying individuals at risk so that ap-
propriate interventions can be made.

NUTRITION ASSESSMENT
Research in nutrition assessment continues to develop. Early research in assess-
ing patients for the presence of malnutrition resulted in tools and markers being
developed for surveying large populations over a short period of time. Many of
these tools and markers were then brought to the hospitalized setting and used
on individual patients. Jones and colleagues [10] reported on 44 separate tools
published in the past 25 years for determining nutritional status. Most of the
perceived traditional markers of protein-calorie malnutrition, such as serum al-
bumin, have such poor sensitivity and large variance that their use on individ-
ual patients is of limited value.

A traditional nutrition assessment often includes a dietary, medical, and body
weight history. Measurements of current body weight and height are recorded.
Serum protein levels, body anthropometric measurements, immune compe-
tence efficacy, and functional measurements of muscle strength may be incorpo-
rated into the overall final assessment. Individually, these measurements often
have limited value in accurately determining a patient’s nutrition risk. For ex-
ample, dietary history as recalled by patients can be overestimated by an aver-
age of 22% [11]. Most physicians and nurses rely on a patient’s recall of their
own weight, rather than a direct measurement (a very unreliable practice) [12].

Studies have consistently revealed the inadequacy of any single assessment
method or tool to assess a patient’s nutritional state. As a result, combinations
of diverse measurements have been developed into ‘‘scoring systems’’ designed
to increase the sensitivity and specificity in determining nutritional status [13].
In general, a global approach to nutrition assessment in hospitalized patients
provides a more definitive picture of a patient’s true nutritional risk. Care
must be taken, however, to ensure the validity of the nutritional screening or
assessment tool. For example, Green and Watson [14] reported on 71 nutrition
screening and assessment tools available for use by nurses, and found that most
had not been subjected to any validity or reliability testing. Despite this fact, all
are currently being used in clinical practice.

Weight History
Recent weight loss is a very sensitive marker of a patient’s nutritional status
[15]. Weight loss of more than 5% in 1 month or 10% in 6 months before hos-
pitalization has been shown to be clinically significant [16]. When 20% of usual
body weight has been lost in 6 months or less, severe physiologic dysfunction
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occurs. In one studied surgical population, weight loss of more than 5% in the
month before hospital admission correlated with both an increased length of
hospital stay and time of rehabilitation [17].

It is not always possible to diagnose malnutrition based on body habitus vi-
sualization alone. For example, patient’s who are obese, or those with edema,
may be very difficult to assess nutritionally solely relying on their body size or
body weight.

Even though measured weights are usually an accurate, easily trackable, and
reliable assessment of one’s nutritional status, recalled weights are much less
precise. Although theoretically simple to obtain, some individuals as a result
of neurologic impairment have great difficulty recalling their usual body weight
or recent weight history. Numerous studies have documented huge variances
in reported weights when a patient’s own weight recall is used as the sole de-
termining factor, with sensitivities as low as 65%. A recent randomized study
from Europe noted that in 500 patient admissions, a weight was recorded
only 67% of the time [18]. In a separate study of 4000 patients, weights were
only recorded 15% of the time even though a scale was available within 150
ft of the patient’s bed in 75% of the cases [2].

Anthropometrics
Interest in body composition methodology has grown over the past decades.
Anthropometrics is the scientific study of measurements of the human body.
Estimates of body energy stores can be estimated by measurement of body
compartments. Anthropometrics is used as a bedside method of estimating
body fat and protein stores using two bedside instruments: a Lange caliper
and tape measure (Fig. 1). These tools allow direct linear measurement of
body fat and protein stores. The measurements obtained from anthropometrics
are compared with reference study normals and then followed in the same pa-
tient over time. A drawback of anthropometrics is its reliance on age-, sex-, and
race-matched reference values. Additionally, because muscle mass is somewhat
dependent on exercise, bedridden patients can have decreased muscle mass
without a corresponding reduction in body protein stores.

Fig. 1. Bedside anthropometric tools: Lange calipers and tape measure.

3NUTRITIONAL ASSESSMENT



Inaccurate measurements of body protein and fat stores using anthropomet-
ric methods are common in certain patient populations. For example, critically
ill patients and patients with liver disease or renal disease often present with
total body water increase and significant edema. Furthermore, there is signifi-
cant variance among clinicians measuring anthropometrics in the same patient,
reported to range from 5% to 23% [2].

The measurement of the triceps skinfold with a Lange caliper has been rec-
ognized as an indirect marker of body fat stores. Body fat stores can be tracked
over time to provide an estimate of the chronicity of a weight loss process. The
measurement of the circumference of the midpoint of the upper arm using
a tape measure or midarm muscle circumference has also been recognized as
an indirect marker of body protein stores [19]. The minimum midarm muscle cir-
cumference known to be compatible with survival is between 900 and 1200 mm2

[9], Lastly, a widely accepted definition of malnutrition is body mass index
(BMI) less than 20 kg/m2 and midarm muscle circumference less than the
fifteenth percentile.

PLASMA PROTEINS
Plasma proteins, such as albumin, prealbumin, transferrin, ferritin, and retinol-
binding protein, have all been used as nutritional markers (Table 1). In the past
30 years, there have been over 20,000 citations on albumin [20]. One third of
albumin is maintained in the intravascular compartment and two thirds in the
extravascular compartment. Serum albumin levels are a representation of both
liver albumin synthesis and albumin degradation or losses. The serum concen-
trations of albumin and other plasma proteins are affected by a patient’s total
body water status, liver function, and renal losses. Although purported as reli-
able nutritional markers, serum proteins are best considered markers of a pa-
tient’s overall health status rather than a true nutritional marker. Reinhardt
and associates [21] demonstrated a linear correlation between the degree of
hypoalbuminemia and the 30-day mortality rate in hospitalized patients. An in-
crease in hospital mortality was also seen in geriatric patients with low serum
albumins undergoing cardiovascular surgery [22]. Careful studies have shown
serum albumin to be a less sensitive indicator of a patient’s nutritional status as
compared with clinical judgment based on a patient’s medical history and phys-
ical examination [23].

Table 1
Serum protein half-lives

Protein Half-life

Albumin 18 d
Transferrin 8 d
Prealbumin 2–3 d
Retinol-binding protein 2 d
Ferritin 30 h
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DIRECT MEASUREMENTS OF BODY PHYSIOLOGIC FUNCTION
Direct measurements of body functions can be used as markers of the degree
and significance of malnutrition. For example, skeletal muscle function can be
rapidly affected by malnutrition regardless of other major disease processes,
such as sepsis, trauma, or renal failure [24].

In critically ill patients who are not able to follow commands, bedside muscle
function can still be tested. Stimulation of the ulnar nerve at the wrist with mea-
surement of contraction of the abductor pollicus longus has been standardized
[25]. Force-frequency curves have been recorded in controls and standardized.

In the patient who is able to follow commands, muscle mass can be deter-
mined from handgrip strength by the use of a bedside tool known as a ‘‘hand-
grip dynamometer’’ (Fig. 2). Hospitalized patients with poor grip strength have
been shown to have an increase in hospital length of stay, reduced ability to
return home, and increased mortality [26].

CLINICAL SCORING SYSTEMS
Overall nutritional status is best estimated through the evaluation of a combina-
tion of variables including historical, physical, and laboratory data. Although
many such tools exist, not all are equally validated. Additionally, concern re-
mains regarding the degree of correlation between different screening tools cur-
rently in use. To complicate matters further, despite using different data,
various scoring systems are discussed more or less interchangeably when
mentioned in the literature. Other limitations of these tools include lack of
generalizability (ie, developed for specific patient populations); complex and
time-consuming methodology; requirement for specialists (eg, dietitians) to
complete the tool scoring; and usage of parameters that are not routinely or
readily available [27].

Fig. 2. Handgrip dynamometer. (Courtesy of AliMed, Inc., Dedham, MA; with permission.)
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Even though it is evident that nutritional assessment using clinical scoring
systems is imperfect, they remain the best nutrition assessment tool available
to clinicians. There are efforts underway to evaluate better the efficacy of the
current nutrition assessment tools available [28,29]. Clinical correlation does
exist between some screening tools and more complex and sophisticated tech-
niques assessing body composition and function [29,30]. The following clinical
scoring systems incorporate the most widely used and accepted scoring systems
available today.

Subjective Global Assessment
The subjective global assessment (SGA) is a tool used to recognize and docu-
ment nutritional problems in patients. It includes a dietary and medical history,
a functional assessment, and a physical examination (Fig. 3) [31]. Fiaccadori
and colleagues [32] validated the SGA system by both anthropometry and se-
rum albumin measurements and predicted morbidity and mortality in patients
with acute renal failure. More recently, the SGA has been shown to have good
correlation with the nutrition risk index (NRI) and other anthropometric and
laboratory data in hospitalized patients [29]. Additionally, nutritional status
or risk as defined by the SGA and the malnutrition universal screening tool,
nutrition risk score (NRS), and NRI were shown to correlate significantly
with length of hospital stay [33].

SGA (A) level is designated as a minimal change in food intake, a minimal
change in body function, and a steady body weight. SGA (B) level consists
of clear evidence of decreased food intake with some physiologic functional
changes, but no significant change in body weight. SGA (C) level consists of
a significant decrease in body weight and food intake along with a reduction
in physiologic function. In a study by Hasse and colleagues [34], the SGA scor-
ing system was shown accurately to detect the nutritional status in liver trans-
plant patients with a significant degree of intraobserver agreement. Detsky and
colleagues [31] demonstrated that the SGA model could be easily taught to
practitioners with good reproducibility from clinician to clinician.

In should be noted, however, that despite its ability accurately to assess one’s
nutritional state, critics have found the SGA to be both time consuming and
complex in methodology [27]. Additionally, the requirement for patients sub-
jectively to recall data inevitably leads to some degree of inaccuracy.

Mini Nutritional Assessment
The mini nutritional assessment is a rapid and reliable tool for evaluating the nu-
tritional status of the elderly (Fig. 4). It is composed of 18 items and takes approx-
imately 15 minutes to complete [35]. The assessment includes an evaluation of
a patient’s health, mobility, diet, anthropometrics, and a subject self-assessment.
A developmental study demonstrated that the mini nutritional assessment was as
accurate as a nutrition assessment by two expert nutrition physicians [35]. A sec-
ond validation study determined that the mini nutritional assessment was as ac-
curate as a physician-performed nutrition assessment combined with the addition
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of biochemical markers [36]. Most recently, the mini nutritional assessment has
been shown to be a good predictor of nutritional imbalance in institutionalized
patients [37]. A mini nutritional assessment score of more than 24 indicates no nu-
tritional risk, whereas a score of 17 to 23 indicates a potential risk of malnutrition
and a score less than 17 indicates definitive malnutrition.

Fig. 3. Subjective global analysis. (Courtesy of Faith D. Ottery, MD, Philadelphia, PA; with
permission.)
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Nutrition Risk Score
The NRS was developed in 1992 to assess a patient’s nutritional risk at hospital
admission [38]. The NRS contains variables of weight loss, BMI, food intake,
and physiologic stress (Box 1). The NRS is obtained on hospital admission and
reassessed weekly. In one validation study, the NRS correlated well with the

Fig. 4. Mini nutritional assessment. (Courtesy of the Nestle Nutrition Institute, Glendale, CA;
with permission. ª1994 Nestec Ltd.)
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Box 1: Nutrition risk score

Adapted from Reilly HM, Martineau JK, Moran A, et al. Nutritional screening: evaluation
and implementation of a simple nutrition risk score. Clinical Nutrition 1995;14:271; with
permission.
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16-item NRI [39]. There was little variance in scores between dietitians or be-
tween dietitians and nurses when evaluating the same patient. The NRS has
been adopted as the national nutrition assessment standard in the United King-
dom [40].

Nutritional Risk Index
The NRI was developed by the Veteran’s Affairs Total Parenteral Nutrition
group [41] in 1991 for use in the evaluation of the efficacy of perioperative total
parenteral nutrition in patients undergoing thoracic or abdominal surgery. The
NRI relies on serum albumin measurements and differences in a patient’s cur-
rent and previous body weight (Box 2). It has been used in clinical studies with
reasonable reliability [42]. In a mixed group of Irish medical and surgical pa-
tients, the NRI identified patients with a prolonged length of stay in the hospi-
tal, or a reduced ability to return home, and a higher patient mortality [17].

Geriatric Nutritional Risk Index
The geriatric nutrition risk index (GNRI) is an adaptation to the NRI. The
GNRI is specifically designed to predict the risk of morbidity and mortality
in hospitalized elderly patients (Box 3) [43]. Because the normal weight of el-
derly patients is often difficult to determine, this tool substitutes ‘‘ideal weight’’
in place of ‘‘usual weight’’ used by the NRI. The GNRI is calculated using a spe-
cial formula incorporating both serum albumin and weight loss. Ideal body
weight is calculated using the Lorentz formula based on the patient’s height
and gender [43]. After determining the GNRI score, patients are categorized
into four grades of nutrition-related risk: (1) major, (2) moderate, (3) low,
and (4) no risk. Finally, the GNRI scores are correlated with a severity score
that takes into account nutritional status–related complications.

The GNRI is not an index of malnutrition, but rather a nutrition-related risk
index. Two independent predictors of mortality in the elderly, weight loss and
serum albumin, are used to calculate the GNRI. Interestingly, studies have
shown that by measuring these two variables, the GNRI is a more reliable
prognostic indicator of morbidity and mortality in hospitalized elderly patients
than are other techniques using albumin or BMI alone [44].

Box 2: Nutritional risk index

NRI ! 1:519" serum albumin #g=L$ % 0:417
" #current weight=usual weight$ " 100

No nutrition risk: NRI > 100

Borderline nutrition risk: NRI > 97.5

Mild nutrition risk: NRI 83.5–97.5

Severe nutrition risk: NRI < 83.5
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Malnutrition Universal Screening Tool
The malnutrition universal screening tool is designed to detect protein-energy
malnutrition and those individuals at risk of developing malnutrition by using
three independent criteria: (1) current weight status, (2) unintentional weight
loss, and (3) acute disease effect [45]. The patient’s current body weight is de-
termined by calculating BMI (kilograms per square meter). Weight loss (over
past 3–6 months) is determined by looking at the individual’s medical record.
An acute disease factor is then included if the patient is currently affected by
a pathophysiologic condition and there has been no nutritional intake for
more than 5 days. A total score is calculated, placing the patients in a low-, me-
dium-, or high-risk category for malnutrition (Box 4). A major advantage of this
screening tool is its applicability to adults of all ages across all health care set-
tings. Additionally, this method provides the user with management guidelines
once an overall risk score has been determined. Studies have shown that mal-
nutrition universal screening tool is quick and easy to use and has good concur-
rent validity with most other nutrition assessment tools tested [45].

Instant Nutritional Assessment
The most rapid and simplest measure of nutritional status is the instant nutri-
tional assessment (Table 2). A serum albumin and the total lymphocyte count
form the basis of this evaluation [46]. Significant correlations between de-
pressed levels of these parameters and morbidity and mortality have been pre-
viously noted. Not surprisingly, abnormalities of these same parameters are
even more significant in critically ill patients [47]. Although not designed to re-
place more extensive assessment measures, this technique allows for quick
identification and early intervention in those individuals in greatest danger of
developing complications of malnutrition. Additionally, some studies have sug-
gested that serum albumin levels can be used as markers of length of stay in
hospitalized patients [48]. The lower the serum albumin, the longer the lengths
of hospital stay.

OTHER BEDSIDE TECHNOLOGIES
Bioelectric Impedence
Bioelectric impedence (BIA) is a noninvasive method to determine body com-
position. It is based on the resistance of a fat-free mass to administration of

Box 3: Geriatric nutrition risk index

GNRI ! &1:489" albumin #g=L$' % &41:7" #weight=WLo$'

The GNRI results from replacement of ideal weight in the NRI formula by usual weight
as calculated from the Lorentz formula (WLo). Four grades of nutrition-related risk: major
risk (GNRI <82); moderate risk (GNRI 82–91); low risk (GNRI 92 to (98); and no risk
(GNRI >98).

11NUTRITIONAL ASSESSMENT



a high-frequency, alternating, low-amplitude (50 kHz) electrical current. It is in-
expensive, easy to perform, and reproducible [49]. BIA has been validated
against both underwater weighing and isotope dilution, two bench research
gold standards used for determining body composition [50]. One drawback
of BIA is its assumption of a normal body water status being approximately

Box 4: Malnutrition universal screening tool (MUST)

BMI score

Weight loss score
(unplanned weight loss

in 3–6 months) Acute disease effect

BMI >20 (>30 obese) = 0 Wt loss <5% = 0 Add a score of 2 if there
has been or is likely to
be no nutritional intake

BMI 18.5–20 = 1 Wt loss 5%–10% = 1
BMI <18.5 = 2 Wt loss >10% = 2

For >5 days

Add all scores
#

Overall risk of malnutrition and management guidelines
0 1 )2
Low risk Medium risk High risk
Routine clinical
care Observe Treat

Repeat screening

Hospital: Weekly

Care homes: Monthly

Community: annually
for special groups
(>75 y)

Document dietary intake
for third if subject in hospital
or care home

If improved or adequate
intake, little clinical
concern; if no

Improvement, clinical
concern:

Follow local policy

Repeat screening

Hospital: weekly

Care home: at least
monthly

Community: at least
every 2–3 months

Refer to dietitian, nutrition
support team, or
implement local policy

Improve and increase
overall nutritional intake

Monitor and review
care plan

Hospital: weekly

Care home: monthly

Community: month

Table 2
Instant nutritional assessment parameters

Parameter Abnormal if

Serum albumin <3.5 g%
Total lymphocyte count <1500/mm3

12 DELEGGE & DRAKE



72% to 74%. In clinical cases of body edema or body dehydration, BIA may be
inaccurate [51]. A study in patients with renal failure found BIA to be inaccu-
rate secondary to abnormal volume status [52]. In contrast, BIA was found to
be accurate in determining muscle mass in a group of patients with cystic fibro-
sis when compared with isotope dilution methods [53].

RESEARCH LABORATORY METHODS OF NUTRITIONAL
ASSESSMENT
Because of their ease of use, practicality, and cost effectiveness, bedside tools to
assess body composition are the most widely used. A basic understanding of
the underlying principles used to determine body makeup is crucial to appre-
ciate fully the nature of these devices. The following describes both age-old
gold standards against which other tests are compared, and more newly devel-
oped laboratory methods of nutritional assessment [7].

Hydrodensitometry
For years, hydrodensitometry, or underwater weighing, has been regarded as
a gold standard for body composition analysis. This laboratory technique is
based on Archimedes’ principle, which states that the volume of an object sub-
merged in water is equal to the volume of water the object displaces. Addition-
ally, it assumes that the density and specific gravity of lean tissue (muscle and
bone) is greater than that of fat tissue. Lean tissue sinks and fat tissue floats.

To perform hydrodensitometry the subject is first placed in a temperature-
regulated tank or pool and submerged. After complete exhalation, the subject
is weighed underwater on a suspended chair or frame for approximately 10 to
15 seconds. Archimedes’ principle is applied by comparing the mass of the sub-
ject in air with the mass of the subject in water. Of note, corrections for the den-
sity of water corresponding to the water temperature are made. Because body
density is simply a ratio of body mass to body volume, it can easily be calculated
from these measurements. Once body density is known, percent body fat can be
easily estimated by one of two different equations [54]. Because the density of
fat-free mass is known to differ with age, gender, ethnicity, level of body fitness,
and activity level, population-specific formulas for the conversion of body den-
sity to percent body fat have been developed [55]. Overall test-retest reliability
for hydrodensitometry has been reported to be very good (r ! .99) [56].

Whole-Body Counting and Nuclear Activation
Shielded whole-body counters can measure the radiographic decay of various,
naturally occurring minerals and substances, such as 40K [57]. The 40K count
can be used to determine total body potassium. Total body potassium can then
be used to calculate body cell mass and fat-free mass. Whole-body counting and
nuclear activation is considered a gold standard for determining body composition.

Dual Energy X-ray Absorptiometry
Dual energy x-ray absorptiometry was originally designed for the determina-
tion of bone density and mass. It was subsequently found to be effective for
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quantifying fat and muscle mass of the human body. A typical scan takes ap-
proximately 30 minutes and exposes the patient to 1 mrad of radiation
(Fig. 5) [57]. Dual energy x-ray absorptiometry has been documented to be
a more sensitive determinant of fat-free mass as compared with anthropometric
measurements of triceps skinfold thickness measurements or BIA [58].

CT and MRI
CT and MRI are imaging modalities capable of measuring body composition
including muscle mass and visceral tissue [57]. CT measures radiographic scat-
ter of tissue based on density, whereas MRI measures nuclear relaxation times
from the nuclei of atoms within a magnetic field.

Near-Infrared Interactance
Near-infrared interactance, although originally designed by the agriculture in-
dustry to assess the composition of grains and seeds, is used today by nutrition-
ists and exercise scientists alike to provide estimates of body fat in patients and
athletes [59]. This field technique operates on the principles of light absorption
and reflection. By comparing the light absorption of two different wavelengths
in combination with anthropometric data (weight and height), and the use of
appropriate regression equations, body fat is estimated.

Some of the main advantages of this device are its speed, ease of use, high
degree of portability, and low cost. The test is performed in a matter of minutes
(*3 minutes) by placing an infrared probe over the biceps muscle and measur-
ing optical densities of the underlying tissue. To standardize testing, two spe-
cific wavelengths based on the absorption of fat and water are used and the
instrument is calibrated by measuring a signal from a reference block made
of Teflon [60]. Additionally, specific equations catered to individual patient
populations can be used to help reduce variance [61].

Fig. 5. DEXA scanner. (Courtesy of Wichita State University, Department of Kinesiology and
Sports Studies, Wichita, KS; with permission.)
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Despite the appeal of this method, controversy exists regarding its validity.
Although some studies have claimed good reliability and validity in young ath-
letes, others have shown poor correlation in specific patient populations, such
as the obese [54]. Research consistently shows that near-infrared interactance
underestimates body fat, and this error is accentuated with increasing body
fatness [62].

CALORIMETRY IN NUTRITION
The roots of nutrition science are based on the principles of calorimetry, or
heat measurement. Although direct calorimetry, or the measure of total heat
loss from the body, was first studied and served as the gold standard for study-
ing human metabolism, it is indirect calorimetry (IC), or the measure of total
energy production by the body, that is used more extensively today.

Indirect Calorimetry
IC is able to quantify energy expenditure based on the physiologic relationship
between oxygen intake and carbon dioxide release and heat and energy produc-
tion. More simply, IC measures O2 consumption and CO2 production (Fig. 6)
[63]. Calculation of the REE is the end result of IC and is estimated to be approx-
imately 10% greater than the basal energy expenditure (BEE), which can only be
measured in deep sleep [64,65]. REE is thought to account for 75% to 90% of
total energy expenditure. The remainder of total energy expenditure is made
up of thermogenesis resulting from nutritional intake (diet-induced thermogen-
esis); environment (shivering and nonshivering thermogenesis); and physical ac-
tivity [66]. It should be noted that IC is unable to differentiate nonprotein
calories from total calories. Although protein requirements are not measured
by IC, they can be easily determined by several different methods (see later).

In addition to determining the 24-hour caloric requirements as reflected by
the REE, IC also provides the investigator with a measure of substrate use

Fig. 6. Indirect calorimetry. (Courtesy of the Nestle Nutrition Institute, Glendale, CA, with per-
mission. ª 1994 Nestec Ltd.)
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by calculation of the respiratory quotient (RQ) [66]. Defined by the ratio
VCO2/VO2, the RQ is purported to be a measurement of substrate use
in vivo. An RQ greater than 1 is generally considered to be consistent with
overfeeding, and an RQ less than 0.80 is considered to be consistent with
underfeeding. Notably, there is an associated physiologic range for the RQ
(0.67–1.3), and values outside this range can only be generated by error. In
practice, these extreme values are used as a determinant of test validity [66–68].

The necessary duration of IC to provide accurate and valid results is not
known. At present, most procedures continue for predetermined intervals or
until a steady state is reached [69]. Before testing, patients should be maintained
on bed rest for 30 minutes and kept in a thermoneutral environment [70]. Pa-
tients on oral diets should fast overnight, whereas patients on total parenteral
nutrition or enteral tube feeds should be placed on a continuous infusion rate
up until the point of testing. Analgesics and anxiolytics should be administered
appropriately if clinically required [69].

The two instruments currently available for conducting IC include the ‘‘clas-
sic’’ metabolic cart and hand-held instruments (Fig. 7) [71]. The classic meta-
bolic cart measures both oxygen consumption and carbon dioxide
production and automatically calculates EE and the RQ. Most predictive calo-
rie equations in use today were derived from the use of this device. Unfortu-
nately, classic carts are expensive; difficult to mobilize and calibrate; and
require additional staffing (ie, respiratory therapists) to perform the testing.

Recently, small hand-held IC devices have been developed. These devices
calculate REE by measuring only oxygen consumption; no RQ is determined
[71]. So far, these devices have only been validated in healthy individuals. Con-
versely, these hand-held devices are highly portable, self-calibrating, require
minimal operator training, and cost considerably less than classic carts. Nutri-
tion enthusiasts are optimistic that the reduced cost and ease of operation of
these new devices will make IC more commonplace in the monitoring of en-
ergy metabolism in the hospital and outpatient setting.

Fig. 7. MEDGEM hand-held oximeter for basal energy assessment. (Courtesy of Microlife
USA, Dunedin, FL; with permission.)
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Whole-Room Calorimetry
The most precise measurements of energy expenditure are obtained through
the practice of whole-room indirect calorimetry. This technique provides ex-
tremely accurate measurements (>98%) of oxygen consumption and carbon di-
oxide production over long periods of time in individuals moving freely about
a room [72]. Whole-room calorimetry uses the same principles and equations
as IC and helps bridge the gap between laboratory research and the free living
environment. Whereas IC uses the metabolic cart to measure energy expendi-
ture, whole-room indirect calorimetry measures changes in oxygen and carbon
dioxide inside an airtight room to obtain the same result. Whole-room indirect
calorimetry is not only able to measure the subject’s energy expenditure, but
also his or her usage of energy fuels including fats, protein, and carbohydrate.
The individual being studied is held in a closed room and gas exchange is mea-
sured through analyzers attached to the unit. Subjects are instructed to follow
strict study protocols, dividing their time between reading, sleeping, sitting, and
exercising over a period of 24 to 72 hours. Although precise, this technique of
measuring energy expenditure is not practical, considering few individuals are
willing to submit themselves to such a lengthy test.

NUTRITIONAL INTERVENTION
Calorie-Protein-Water Requirements
After determination of an individual’s nutritional status or degree of malnutri-
tion, appropriate intervention can be initiated. Nutritional intervention can in-
clude dietary advice, enteral supplementation, appetite stimulation, enteral tube
feeding, and parenteral nutrition. Specialized nutritional intervention may
include the use of anabolic agents, immune-stimulating enteral formulations,
medium-chain triglycerides, probiotics, or other novel approaches. To begin
intervention, clinicians must first determine the patient’s caloric, protein, and
water requirements.

Calorie Needs
There are multiple formulations used to determine a patient’s caloric needs.
The most commonly used formula is the Harris-Benedict [73] equation. This
equation estimates a patient’s BEE using the following formulas:

Men : 66% f13:7"weight #kg$g% f5:0" height #cm$g+ f#6:8" age$g
! kcal=day

Women : 655% f#9:6"weight #kg$$g% f1:8" height #cm$g+ f#4:7" age$g
! kcal=day

One must determine the weight to use in this calculation. If a patent is
less than 80% or greater than 120% of their ideal body weight, an adjusted
body weight should be calculated. If their body weight is between 80% and
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120% of their ideal body weight, their actual body weight is their dosing
weight.

Ideal body weight for men ! 130 lb for first 5 ft of height and 3 lb for
each additional in;

for women ! 120 lb for first 5 ft of height and 3 lb for
each additional in

Adjusted body weight #if needed$ ! f#current body weight

+ ideal body weight$ " 25%g
% ideal body weight

Using the patient’s actual body weight or adjusted body weight, the patient’s
BEE is calculated using the Harris-Benedict equation. The patient’s BEE is mul-
tiplied by a physiologic stress factor to arrive at their actual daily calorie needs:

Maintenance–mild stress (1–1.2)
Moderate stress (1.3–1.4)
Severe stress (1.5)
BEE " stress factor ! daily caloric needs

Protein-Nitrogen Needs
A patient’s daily nitrogen balance is a measure of their daily intake of nitrogen
minus their daily excretion of nitrogen. The intake is nutritional nitrogen intake
and the excretion is measured urinary nitrogen losses plus 2 to 4 g of nitrogen los-
ses through skin and stool. Daily nitrogen balance can be calculated as follows:

Collect 24-hour urinary urea nitrogen and obtain total grams of nitrogen
Add 4 g of nitrogen for insensible losses (stool and skin)
24-hour urinary urea nitrogen % 4 g ! daily nitrogen needs to maintain a stable

nitrogen balance

Nitrogen balance
A positive nitrogen balance is known as ‘‘anabolism’’ and is important for
wound healing, recovery from illness, and growth. A positive nitrogen balance
consists of a greater daily nitrogen intake as compared with nitrogen excretion.
On the contrary, a negative nitrogen balance is known as ‘‘catabolism.’’ This is
commonly seen in critically ill patients and is the result of a greater daily nitro-
gen excretion as compared with nitrogen intake.

Daily nitrogen needs can be converted to daily protein needs by using the
following formula:

Total grams in nitrogen" 6:25 ! total grams of protein required=day
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Quickie Formulas for Protein and Calorie Need
There are more rapid methods available to determine a patient’s daily calorie
and protein needs (Table 3). These quick formulas have been shown to be
reliable in most patients.

Daily Water Needs
Daily water needs for patients are based on maintenance needs plus losses
through urine, stool, emesis, and wound output. There are quick methods
for determining water needs, however, that are reliable for most patients:
30 mL H2O/kg body weight/d, or 1 mL H2O/kcal delivered of tube
feeding/day. Add 300 mL for every average degree of centigrade temperature
elevation in 24 hours. Patients with significant stool, emesis, wound, or urine
output may require more volume. Patients on fluid restriction may require less
volume.

SUMMARY
The existence of malnutrition in hospitalized patients is both well documented
and alarming. There is currently no universally accepted or validated approach
comprehensively to evaluate one’s nutritional state. Furthermore, good clinical
studies have repeatedly shown that no single body or laboratory measurement
is capable of adequately predicting one’s nutritional risk. It is important for
physicians to have familiarity with both objective and subjective measures of
one’s basic body needs and functional capacity.

Because of their ability globally to assess nutritional needs, clinical scoring
systems have gained popularity in clinical practice. Nevertheless, each has its
own limitations, underscoring the importance of the need for further evaluation
of the efficacy of these tools [28]. When appropriately used, these tools lead to
early identification of at-risk patients and allow for speedy intervention, which
not only provides better care but leads to decreased costs [74–76].

Malnutrition is surprisingly pervasive and detrimental. When equipped with
the proper clinical tools, however, the physician is more likely to provide safe,
efficacious nutritional intervention and ultimately lead to improved clinical
outcomes.
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